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Appendix A

SAMLIG SURVKYS WITH SEPARATE REPORTS

Host of the sampling surveys conducted for the present study were concen-

trated at the eight pilot areas. However, A number of other navigation

projects were sampled in as much detail as time and resources permitted. This

appendix is an inventory of the sampling surveys, made during the course of

the present study, for which separate reports were prepared for individual

projects.

Inventory of Sampling Surveys With Separate Report

Proiect ;.ear Samplinp Amer Appendix No.

Lake Superior:
None with a separate report

Lake Michigan:
Calumet River and Harbor, 1967 FWPCA A8

Illinois and Indiana 1968 IWCA n/a
Frankfort Harbo; Michigan 1967 LS A24
Green Bay Harbor, Wisconsin 1967 FWPCA A9

1968 NWPCA A13
Indiana Harbor, Indiana 1967 1VPCA A7

1967 La A25
Kenosha Harbor, Wisconsin 1968 IWICA A15
Manistee Harbor, Michigan 1967 LS A22
Manitowac Harbor, Wisconsin 1968 PWPC1 A18
WiuAuk. Harbor, Wisconsin 1968 IiIC& A16
New Buffalo Harbor, Michigan 1968 1PC& A1O
Oconto Harbor, Wisconsin 1968 •PC& All
Pensaukee Harbor, Wisconsin 1968 FWPCA A12

Port Washington Harbor, Wisconahi 1968 PWPCh A17 n ForTwo Rivers, Michigan 1968 VWPCA A19
Waukegan Harbor, Illinois 1968 PWPCA A14\&l

L~ke Huron and Connectirt Channels,:
Alpena Harbor, Michigan 1967 LS A23 '
Au Sable Harbor, Michigan 1967 Li A20
Rouge River, Michigan 1967 PWPCA A6-

lake Erie:
Aohtabula Harbor, Ohio 1967 Is A26 • /
Buffalo Harbor, Black Rock

Channel and Tonawanda
Harbor, New York 1967 FWPCA A3 ',l/r

SpeoniQ i
at~fhrj.



Table Cont.

Project Year Samplipn Agencya Apendix No.

Cleveland Harbor, Ohio 1967 NWPCA A4
1967 LS A29
1968 TWPCA A5

Erie Harbor, Pennsylvania 1967, LS A28
Lorain Harbor, Ohio 1967 LS A30
Sandusky Harbor, Ohio 1967 1.6 A21
Toledo Harbor, Ohio 1967 iS A27

Lake Ontario:
Great Sodus Bay Harbor, New York 1967 FWPCA Al

1968 NWPCA A2

a - Agency abbreviations: FWPCA - Federal Water Pollution Control Adminis-
tration; LS - U. S. Lake Survey District

n/a - Not available

N °
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U. S. DEPART-IM OF I44RIOR=0
Federal Water Pollution Control Adminiatration

Great Lances Region
Rochester Program Office

Rochester, New York

UGRAT BODUS BAY DREDGING ZVSTIGATION

Summer 1967

introduction

The following information pertains to predredged samples collected

at individual stations from a small boat and composit samples from the

Corp of Engineer's dredge Markcham as it plied the full length of the

channel being dredged. The post-dredge sample at the dumping ground was

also an iz2dividuel gample.

Predredge Sa§Mles

Predredge mad samples Vera collected by means of a Peterson dredge.

The vater samples were collected by means of an APHA DO sampler just

ab.ove the bottom. Preredge samples were collected as follows:

Station Date

Mud 164 4-21-67
Water 164 4-21-67
Mud 9, 10, l1, 12 5-16-67
Water 9, 10, 11, 12 5-16-67
")kd 7, 8, 166 5-18-67
Water 7, 8, 156 5-18-67

Markham Samples

Dredged samples were collected at the intakes to the hoppers mad the

overflow from the Corp of Engineer's dredge Markbam. The sample& were

Collected as the dredge prooeeded up and down the channel, Dredged samples

were collected as follovws



Stations Dates

7 thru 12. 5-23-67
Overfloov 7 thru 11 5-28-67
coposite* 7 thru 11 5-23-67

ite7 tbru 11 5-25-67
Overflov 7 thbr 1.1 5-e5-67
IntLke 7 thru 11 5-46-67
Overflow 7 tbru 11 5-?6.67

The composite sample consisted of two intake samnles that were •ouposited,
iThe supernatant. was considared as water mnd the residue remaining as mad.

post-_dredging

One sample of muad using & Peterson dredg and one of vater by means of

& PVC sampler were collected at Station 166 (dmpizg growu) on 10-3.7.67 rom

the Coast Guard Tug Objibva.

ApAlysis, and Data

Figures 1 to 111, that follow, give a graphical display of &cw of the

chemical dtaa obtained from the examination of the and ond vater. en

grphia&I infozuaticm is presented follovs:

?piguare Parameter

2 Conductivity
1 3 COD

5 - Dissolved
Phlosphats - '•ote.

6 Nitzogen - Total
7 - Nitr&ate
8 Solids - Total
9 - Dissolved
.0 - Volitle, Total

1. Oxidation - Reduction PoteutW

The analysis procedures a carried out at tbe Rodhester Program Office are

attached, see A~ppendix '"A"

Ccmeuts relatie to sce of the parameters a-e as foll•w:t

-2-
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The water eap.e from Statioa 7 of
the pwe? ede saumple beecauAe of its
location **%ad vry vaU 'e Luenoeda
by the lake (1.66) water pX rather than
the water flowing from the hazbor.. Now
ever, there is no em.saeton tor the
great 4diference betwee tMe spring and
fall PH at station 166 Ua"8e the aprias
bloma were a factore.

3 It is quite obvishen the ua4d
are mixed with water a on the Usa Ar a
they impart & higp =O to the saw"p
water. That indivddu.l sam•p.e takin
during predredging do not reflect the
conditions to be expected roma the
mixing caused by the dredging opera-
tion, The resulto also #how the ex-

eas"ive COD loading Imparted to the
receiving water& he t, he dredge Is

Soperation va i t he overflow dSs a et • az ' ,

Phosput Tsui" s in wouexldnasoon oetUsn t Oe m/aboep

the phospbate atlo are to esen io n the
amuds in geater amount s f •o a bing h,., water. The dredgin operationa for abort

mroved abouretlsy be adapiate vtopr/ot

ratlgo gf ophosphes In %bal the liquid

5 lbehatA Diu~.4 Terf andy ocmen Uqid tha t ay it£0 is

thatge to the ofmin the ointai te s

consierabl ham pho~sphate tan. %beah
anicao. wuabsopion reaured tbe solwat2er

phosphate rat•o baeck o ormeta. Now.
teer, amo aunt of ho4AP s beif gmoed "cut zSay be adequate to );,zamot,

ptshata ettldn afgthe sedarate in the
anical, absortio oaul• the seluabla
*•lospbat tCo be roedu• or "tw~ed, ,to

sediment aan be oaat about by aot3eS.

.34.



Fgr larameter Cc;=ent.

8 Total Icids It is quite evident dredging does in-
ereose the total solids of the waters
beina dredgel. Vaile the graphical
display does not give information on
water over the dredged or duzping ;rea
at the time of dredging, dumping pboto-
graphs of other dredging operations
show considerable amou.nts of solids
in the vater. Settlement and dia-
persion, however, in a matter of houAru
removes the visible solids.

Chemical data for each station La displa ed in Table 1. With knowa

aao•uts of dredged material the amount of BOD, COD, phosphates, etc.

removed from the cbanneI and deposited in the lake could be estimated.

Benthic Biology

i Predredg =d samples provided little information as to Bentbic life

because of the awplesco"lete. However, the only orgazni•m found were

tUbificid worms.

station No. Nmber Tubificid Worms

7 2
9 1

10 2
11. 1
12 6

1664

As oly 1 00 al sample of =id vas provided for the biologist, the only

conc.luhion reached is that pollution - tolerant organisms lived in the area

&-Wped.

A post-dredge sample collected at station 166 in October 1967 und•e

tU biologist's direction provided the follciing information;

Tubificidae 575/sq. meter
Pontoporee. (scucds) 113 sq. meter
Te•Lpedtdae 25/sq. meter

I4
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,, i •Table I

•R0C1•S=R PR0OGRAM TICE
* .-Great Sodus Ba~y Dredgma, St~dy

-, chemicalo Data

, 4/21 4/2X/ 5/16 5/1 5/16 5/.16 5/16 s/.6 5/16 5/16

"164 1 64 j 10 " _ 2 9 1 01 - -

r t r, H20 MA 0d )Ud Mid Mon - - Hon lion

. aii i- a--

7.9 7.2 -7. 7. 27.7 7.9 ._8.1

$peo* CoM. 375- 298 36 34 280 I
a.k&miNt, 100 I0o4 102 102 102 'a.a'f i ia f

"-A tu. w , .75 5.0 4.3 5.0o 4.

- - , ,.,.

a a a6,a 4. a a aa

'110 20 12.4 2.8 15.9 72.7 17.0 11.0 13.'4 14.4a
- • - -i - - -

N-Tot. Ke., 4.5 .47 124 .64 2.68

' j .02 .01 .02 . .07 .44 .35 .22 .22. : .. 'i-a a.. .

-' ,~'. I -Owg a - - - ,, a

"PO0.-Tolt0..5 1.23 .8• 1.27 1.971o13 .16 .16 .16

.-Sol. .05 .125 j.025 123 .2114 .o43

• U4-DSa. 191 252 247 1227 230a I ,= 9 9- I. a. a1 a a6

9a. a 1 i91 46 a

* ..tt. 200 1261 1272 j418 1276
- Vol. T. 2.6% 72 1.37 .93 L.32 2.88
-. " a * 6 a . - .

24 24 21 2 25 25

88% 87 92 90 y"81 1)
"a, a4..... ,N!

10 4o 25 270 1260 26o 1260 1

7. 1.8 3.4 3.7 •.3 2.4
a3 a1a3,a

_.. . .. . ... . . . . .. __ _ _ Jft,



T ab l e : • o '

RO0-MSMIER PROGRAM. 0WICE
Great Sod4u. Boy Dred s•ing Stud ,Y' ~Cho ilosLc , Data

Predredginig Information (cont-d) 1967

5/1 5/1.8 5/2.8 52.8 5/18 5/18 a

7 1 7 t 8  8e D%6 1166 - a -t

?Lraae'tera 0 Q

pH ~8.4._ -7. 4  8.-6.-

POc. Cor. 334 300

.1 i I.-
S .'O - - -.... -,-,

BOD - - ,K

COD 7 .1 9.0 1 :8.

.01_ .042

.+a 
-,I.- 

..............l-....." .. . . "--

S. 

. 0. .o 3-.•6 .0, .. ,.04 a.£ a'.•N-Org. I 

i

"mx1. LLIz 'i
P0-Toto 1.5 *.11 1.0

.02 . ,o4 3 .12 3 5¶ I

a 
. " 

." 
-

-VO ". T. .42 . I I

2oc 68.EA 2 ' I.

I ( - 160 320 I I
+ • ,..a..- 

- , a a

(mv) I
, I



Table I (COnt'd.)

ROCHESTE PROGR.AM OFFICE
Great Sodus Bay.Dredging S'tay~

ChemiaLo. Data

Ma~rkham Operation -1967

stwo &-ooc -/Ach 9/-A -/2 - a921 a/2 a/2 a

pH8.2ý ___75 1.* 80* 182

6200. Conde I-314025, 7640

AlkIAI Initv U.711U81 j
turbidity - - -j-

BOD I-
COD 340 29 -- 91.8 j40 167 - -

-7- .5i .63 -.-

* So2.. .27 .19 .18 I 05 .48 .281 .3 1 .14 1

S*U.da-Diss- 190 2140 275 -1224 1207 240 222

-Su&P. 29960 12780o 492251 2772611-3063 35361 1.968~

-Tot. 30150 13020 485od 49950113270 37761 2,1901

-V. * 470 -260 155 'I857 1.85 4761 264

Mi.(kv 3 0ý 60* 36 * 2 0*310* 300* f 450* 4 5

7s6.7 .27 .08 XU1 ,

* - -- - - - a



ItOCIM-S-ZP PROCGIA, O'ICE

ChemicaL~ Data

Post Dredging In~formation -1967

0O/17 10/17 K1

Spc Cod .340-

tiurbid~tyrI

DO 4 I.8I

COD j. .0 O

N- Tote XýQ.'-.-1-

fiese values takcen in 1aos.

IN-Ilet, to Hopr 1
?OI,.Tot. I In - U - U - *

* ~~(OF - 1  eri'iow fr o erI

*~ ~ ~ ~ ~~~G. 8±4-ia- - -rwfompos t.w& t rj r1

I 110 c oupo it 0 =ad

ftTot.. 200 ~i

VI T. 76 ~ a-

Cl. *I

- * ...2W.Ca~L



~~I. The number or Trabificidat found are indicative of a trsnaltional~
conditio•bovwever, te presence of the clean water organlsas (sc••a)

indicates the bottcm is In fair condition and not grossly poll.uted. Brach

on organims as Ankiatrodesinuss Pediastrum, Scenedesuas, Raeroast•s,

SM Coelolphetrium, were foz n suain eL numbers in Usotverlying a e

%bms SneaLting Aermas conditions fo• U ths tie of Uhe year.

-ii

,~iI



TABLE 2

M= SODUS BAY DREDG=G PMOGRAM
SANPLG STATION DESCRXTIONS*

Station Da acription

7 East side of approach ohehnnel 100'
inside black can boug #1, Sodus
Bay

8 West side of approach channel 100'
inside red can touy #2, Sodus Bay

9 50 feet NI=W of black can bou #5,

Sodus Bay approach channel

10 Mid-point of westside approach
chanmel to Sodus Bay

1,1. Middle of channel 50 feet north of a
line between bourn #3 and #4 at Sodus
Bay entrance

12 Midway between bouys #3 and #4 on
approach channel to coal dock

164 In center of Great Sod"a Bay midway
between Nicholas Point and the southern
most point of Eagle& Island (430 11• .54" -

760 56' 57")

2.66 Corp of Engineers ropoi Area in Lake
ontario (1to 16' 30" - 770 34' 30")

SSee Figure 12

, . - S- _•, - - .-5.



- * * '2.. STATION 166 / -

I 0 / T A ~ / 0* * * ~ * 44 3 6 i s ' 3 0 "
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-,1 ft4ftTCl 46

IM'09 GA60O

1CM~~~SCL 024 LII.$vw"
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4 00VI
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U. S. DEPARTMENT OF T lNTERIOR
Federal Water Pollution Control Administration

Great Lakes Region
Rochester Program Office

Rochester, N. Y.

GREAT SODUS BAY DREDGING STUDY

Summer 1968

Introduction

The following information pertains to pre during and post dredge

samples collected by FWPCA and Corps of Engineers' personnel. Figure

1 shows the location of the stations sampled and Table VII describes

each station.

The FWPCA water samples were collected from a small boat using

PVC samplers and a Ponar or Petersen dredge for the muds. Both sur-

face and bottom waters were sampled. The Lyman samples were taken

during dredging near Station 10 from the inlet to and the overflow

from the ships holding tanks. FWPCA personnel at the same time

were sampling up and down stream of the dredge.

Predredge samples were collected (See Figure 1) on 6-28-68 at

Stations 166, 11, 10, 12 and 164. The "during dredge" samples were

taken on 7-11-68 from Stations 9, 10 and 166. The post dredge samples

were taken on 8-1-68 at Stations 166, 8, 10, 12, and 164. A second

set of post-dredge samples have also been collected (on 8-15-68) but

the data, except for biology, is not yet available for this report.

All dredged material collected in the channel area was disposed )
of at a designated spoil area in Lake Ontario, Station 166.
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Data

The data collected pertainu to those parame-era asked for b"y %he con-

sultants. In the case of Great Sodus Bay such inforzlation as coiifo-

and streptococcl counts, oil, grease an(. "tracer" determinations and.

physical descriptions of the sediments are not furnished because of

time and/or lack of personnel.

Chemistry

Pre and Post Dredge Data - Tables I1, IV and V e.ve information on water

and mud samples. Figures 2 through 16 A are graphical illustrations of

the parareters examined. The data &s presented under this headirn i.,-

dicates changes resulzing from the dredging activitces. The loadings

to the lake at the spoil areas, however, cann=t be based on the material

removed from the harbor area. The loadings are determined from the

dredged material in the Lyman hoppers. Vach of the suspended, dissolved

and volatile material in the bottom muds is transf'erred via the dredgirn

operation through the overflow to the surface weters and is carried ouwt to

the lake or redeposited some place along the charnnel and, therefore, canno;

be considered as being deposited in the spoil are&. Prom the chemical

and biological standpoitt little or no change has taken place at the

spoil area between pre aad post dredge sanpling (post dredge mud samples

could not be found in t1he rocky bottom of the spoil area). T * e dredzing

of the approach channel also did not materially change the characteristics

of the water or bottom sediments. (Stations 1 - 11).

At the mid-pier station 10, very little change occurred in the overlyin4

water, however, considerable change can be noted in the reduction of BOD )

and COD in the post dredged mud samples. This is also reflected in the

S~3



low ailica.cn~~ o.:' ire-cdrcdc;, zed..:.z-ntz an-' "-a r duccd c2lhorjne

(ýnn of Vac pos-t drcdý-. =.aplcs. l~ic wcou!C -. indicate a wubztantiaJ.

a=%o.z. of or,-,nj-c or vo:latil~e r..-.erlc.r' bainz -. v6.

Station !054 in soduz B~ay, not affect ad by x%.:, w; uzed as a b6-azc

"to determine changes in the source of' t7.e d:ntand organic 'oadings

to t'.e charnc2.. 7haŽ p:- and r-o:t dci z zl so e z variation

in the over-lying; wate.-, '*.-', o.-A suc, a :.act-%'e tV:o charZ;es d~id no'.-t at-ially

affect conditions at tl..e dredging sit-Le. Onec excce-pt ion niZato be p~ho s]phtes.

Ph.-osiphates were hi;ý in t.-e muds ri todreds5inZ. ZL.-e low phosplha~tes

.n the post. dredge m~uds -.ay ha~ve bean. caused by tLhe Ieac*,.ng.. OUt. O.

thAe che.mica3. or toha erosion ol' organic rmatvtcr durin- th.^e apring runof-.

Ly.*.-n. W--ataer Sa:z--les - Table III givas infor-mation on, watWer and cad

sa=in)les. P'i~res 17 tharougha 23 arc grzp21hica). illustrations of~ t~he para-

m-etlers exained. 1-t is ponted out. that th'-e Corps of Engineers dispjose

of about 30,000 c&oic yards or about 6 =illion gallon-s of sediment ecch

year in a, design~ated a-o-al area.

7-aa t~able ad:--hzc'ste rca!*L-Iv~ ~c zc ;he Ti-ater ronin

crotbe ~ v~on th..,e 2*~ emntos

a-nd tC2un~y ~~c

o-n- -.-e 4Z c .. x~~ naerasa Current

an : d. F. of cCzzzezo. te

acrozz -v.-e z-;oil. area It- iz siae that 30 1ilion gall c-s of water



pasa throuh the Spoil. area during each d;inz cycle. t is

1unown how marny dumps are uade per daY, ibu-f iti t
of ton dwrps per day for six days take pIace, hen soa e 1".8 billior.

Gallons of water would be available to dilute the 30,000 cubic yards

(6 million gallons) of dredged material. How well the material is •xed

will depend on the physical rakeup of the sediments, initial discharge

dilutions, diffusion and turbulence.

It can be seen from the table and the graphs that the dredge does cause

a distinct change in characteristics of the channei water as the wa4er

azd sediments are punped into the dredge. Some of the partrateres show

a change, the B0D increased but is quite iniicnt i,, view o0 the

quantity of dissolved oxgen contained in the waters at the dur.'in-

ground. The nutrient (phosphate) content of the dredged water increases

markedly over lake water nutrient con-et, however since the 30,C00

cubic yards represent about 1500 pounds of diz-laced phosphates over a

weeks time in moving waser, then there is :.: it'e likelihood o- f in-.

(time wise) enric--ent to the spoil area water. A.nl-yis for silica was

not made on the Ly-.an samples, ouz -Ie botto.- I.iaerial in the dredge

area (Station - Y) sho,.red ahout 70z silica and 203 water, s t-..ha

the suspe -ad material rep:esented less thca 10-' of the dredged tsaterial.

Visually the laborztory sa-nples of the intake ;.aerial apDeared to be

fine sand. On this basis the volatilematerial is wea below ll of the

material placed over the spoil area. . Less tn 500,030 pou.nds of volatile

ratter was placed over the dredged area in the week of dredging. ..

Bioloay

Sediment Zazples for bottom -fauna ananysls were collected o izh

the chemAcal samples prior to, and after the dredging operations in

",,5



an attempt to assess the biological condition of the sediments and to

determine if the dredging operations significantly altered the compositional

structure of the benthic macroincertebrate corunities. Since chemical

and biological samples were both taken from tha saze sediment grab, the

biological data are necessarily only meaningful qualitatively.

Two faunal groups, the Chronomidae (midges) and Oli-ochaeta (worms)

dominated the bottom fauna at each of the stations =pled, with scuds,

caddisflies, fingernail clams and snails appearing occasionally in the

samples. The oligochaetes were not separated into taxonomic groups, but

the midges were identified to genus when possible.

A total of seven midge genera were found in the samples, with a maximum

of five genera occurring at three stations. The most co~on midges

collected, Chironomus spp., forms often associated with organically

enriched sediments, were taken at all stations except at the spoil

area in the opan lake; here the intolerant forms Procladius spp.,

Tanytarus M. and two unidentified formz .;ere co-llect•ed. Althou~gh

the presence of Chirono:-us spsp, in association rc_ d erate oliaochaete

densities is suggestive of eutrophic co-.di4.tons, tha fal.--y diverse

assemblage of animals including the intolerant ci;.s ..... cus A

Procladius spp., Polypedilum sýp. and Cr.rptochircono-.s 22a, along with

clean water scuds is evidence that the sediments are not excessively

enriched.

The dredging operation had no mebsurable effects upon the benthos,

discernible within the limits of sampling reliability. Because

quantitative benthic samples were not taken from all stations before

F
F



fter si- -ti oc.pr e ex~stin- dc-zta -a

i~'2. ~ ~ ~e ~eaerc ccccitof ti he bcari'hic

Ta~aa 2aajod ~.nial.y c.-an;,cd a-t all sta~tions after dred~ing;.

cornclsioz,

Fro:-- the c-.n~~i~i v-.'(nt ;h,; "ior to drd.-.in-h.

&c..el ~ ~tS~t~..10 cc.~ ozc:dto be Z~ollftued

or Hc-,Qar l ucn -.inj ze ; re so cil"-"wod that

t~erst~r~aý-t.h iz ~r~e. red.-ý-ced w p=..ed "oc.rd the dredge. U.~

bein Z ea tiw ;t*.eLt.- of te rez~du is further red~ced by 7Zae

rmssive cov~eLnt of .ake C.:L-o aater ac-oss t'e ,I;Oi' Zea6. -.e pre

czx. pozz diredZi.-;rZ -1a w~. e --,oil arc an- Station -1 2inciieate

little che:zical and biolo.-icU2 chF-n--cc t -k - lcae to the CýQtrim-eft of

tha ~e Unless the xo. and. stren-z;h of. tlie dredzed material con-

tinu~es to increa.se it-i con-cluded that t2.e Lzedin-s fromm the Grea~t

Sodias Bay cha~el do cot C .4.titt-.a a zo ;inhazard to Lake

Ontario.

'Zhat te * Great :cs , c:ncy betw~oen

stantion-s 6 9~ lbeý ZZ.1owd -.o be dumed a'. tne Zds :oil ar-ea inl

ake Ontario.



~V.:

Predredge (Water)
m*/1 June 1.968

";; 6-8 6-28 :6-281 6-28 '6-28 :6-28 06-28 o-28' 6-28 !6-28

•a. ¢o. 166 166 i-, II I i lO '12 !164 ~ kz]

-'-.* .- i ToD Bott Top Bott TOT) n B ?,ct T -7_ T) 4

Paramieters __m___

'PN )8.2 8.0 8.1 8.0 7.795 8.20 8.0 7.95i8.0 17.Q

Spec. *•C÷ "340 i 344 395 310 '252 256 ý08 290 ' 4 14L

•urbidity 4.o . .0 .10f L6 1.4 '1.10 1.l40 1)0 ;2.I
D0il5 12.3 1ll.0 113-3 ;19.3 9.i 9.3 .12.85 8.9 '.:

BOD ý1.0 1.2 :2.4 1.4 : i 1.7 - '1.8 Li

"-Tot. .244 4 .432 ,.328 .588 '.336 .396 i -350 4,92

1-N 1\.IV,090 .280 .150 ;.220 0.9 226 .140 0.10 .080 .170 I

N.1oo .56o .io8 .100 :.132 ;08 .o48 .obo i.096 :.132
P04-Tot . O9 .09 .1 .O .17 '.12 .!6 .10 '.1 .20 " •

-Sol 0o .07 '.02 .o6 i.2 . 1-3 , i . .12 1l3 .

Solids Susp 42 1 ;8 Z 3 17 8 8

Vol. -Sup. ,5 3 .7 .5 .3 3 3 4 8 6

Alkalinity 98 '102 .94.0 104 100 :100 96 102 97 !10

Chloride 26.5 ?6.5 26.9 26.3 27.0 .29.2 25.3 28.1 ,25.8 2h.8

lab , 52-D )53-D 4+9-D 9 50-D ý57-D .58-D ý51-D 56-D '54-D <55-D

* Micromhos/cm

- -- - ">•,'i 
, .



,' C¢•Z L• P•G •,.,- .....

,*irC&• Sodu Z•.y D:'cd:ixr Co

"Predredge (' Xud)

mg/Kg

6/28 162 8 6/28ý 6/28i 16/28:-:-.. .. "• 1968 - -• !

2166 2.1 10 12 164

t i I I '

Parameters I

pH

BOD D327 I 327 7.650.zlc3_o; 2.892.
CO 12 2 8,724 ;10,8851 _COD i ,~259i2,000132,2558,2

N-Tot. Kje. i LP1 ,

N-NO 0
3 ,

P04-Tot. 1,621iL,973 3,233,764 4,224;

sol. 5.2 1.98 3 30 25.

Solids Total.% 76.2 i7 7 .1 30.6 39.2 38.4
. ,30Vo39l.3. I

X0'Tota4. V01. 1. 10.147 26.97 7.56 9.55
Oil-Grease 218 1,116'8, 222 1,:0o 1,890

Ohlorine Demanf 0 0 11,5359,515 10,989.

% SO 2 I69.4 ;72.14 16.3 31.0 :28.5 :
H20 123.76 ?2.2. 69.36 60.85;61.51'

Results given in
mg/kg on Dry basil
=ln.ess specified
1therwise. I :

i I I "
I '=

- ~ 'I K



Tabla, III

.ROCC-_XS•i PROrilwl, OFF.V:Cz
.Great Sodus Bay Bra.ding StudyChern~ca2., Daa

Lyman Sa.mples July 1968
1g/1

co _I 7-32 17-11 7-11 7-11I-U 7-U 7-U 7-13 i T-11 7T-11.

_... .___._610 9 10 1., Sa 1 plesdf om Dredge

I .. j i iDeh() ToAn lBott Tor) i Bott To-a B tt i In Out I In out

8~M. 
---

Parameters -~ - -- - - -I12(Noon

H .87 8.5 8.4 18.5 8.4 8.1 7.7 7.6 j.6 17.8

MI ) K ~I I340 30 31 0 ý'58 )350 _____

Spec. Cond.ý 360 .3 j
350 _.0 1340 _j.... 350 31- I I

turidty 2.0 113. 2.8 03 .09 1420 1100 115 5

O11.8 o10.41 --110.0 9.8 8., , 0

D-Ol., . 938 . . .68 8' j1 .
BOD 3.51.91 4. 702.4 4.0 51 11 51.0 (22.0

X -T o .Xj s .38 i -ý 1 5 04 .4 8 o 1 .4 .31 T 67 .7 29 .6 ii1.0 1 5.9j 4 .5.5.o '.

N-NO 3  .03 (.06 .04 j o4 - 04 .05 2.75 6.90 1190 j3-15-03. .0 24 __ __ __ _._ 13o _ _ ,
- .o4 !.8. .o48 .o 005 8. 7 2.1 !2.1

N-NH3  : o24- -4 X8 .1 -4 j .4 - 3-T -'

P04 -Tot. .22 .10 -.6 -.5 .15 .3.6 27_.94i 33.00i..006-53 -

-Sol. . 1 _OT 1.12 .3.4 0.9 .o9 50• i.48 1.54 i.43

Solids , :'

'6 .4 089-Susp. . 6 3 i5 18 ' 1,0 5650 3203 2i8•1705 r :

-Ss.o 15 0 '5 5~ 8 360 168 418 113'-Ssa,•.voI.,1 .5 !o ' 2• '

Chlorides #024.9 '25.6 26.7 25.4 25.1 26.21 25.6 125.0 26.2 27.

SA3A1inity100 096 98 110 1io0 '1

LAb # 69-D 71-fl T2-D )73-D Ir. 74.D~ T7-fl 17-76-Dl ;75-fl-- -I • , -: . . - _______________-______ ,_______ --_________ i__

Chlorine
Demand 4_____0 16 137 !333

em:.-!- .- .- _ - - . ..- -

4I.41 4 b "C I - I ___ __, _ __ __

II l ii __ _ __II I ___ ..__ i ____-1. .. i _-_



-Great Sou.-s Bay edcnz St, su dyChemica3., Do~t& .

Lyman Samples (Mud)

__________Mg/kg __ _ _ _ __ _ _ _ _ _ _ _ _ _ _

I I

.7/11/ 7/11A 7/11/I
1058 68 68~

l66 lo 9

Parameters I I

392 , 54 .-80

Si 1 i9i
-I _ _ _ i 11,C_

Spec. Cond. I , , !, '

g•' •i, " ! 'i I i ___________

N-3 "
-Sol I 0 I .2 6 0

Soid

. 1 -_ - - a - - I - ,Io __o____o_____, i I ,

PO-TIot..Ke 17i27)]97 ,ik:453 [; ______I_

N' 0 2I - • __._______________________,
SI _ , . .. - - - . - . . -

O+-To1. [ 2 9 , . 1 _____

I
SoisI , - -,

-Susp.

-SUsp.Vol,'
Total - ....... k......I
Solids %, 765 79.2 66.1 ,
Total
Vol. % 0.74• o.89 '2.85 - _, ,' _ _ __ _ _

% s102 !70.5 7•2.3 56.5 - - - I

% Water 23. 541 200.3: 33.89 ,
I ,_ • -- J.

Chlorine', ,
Demand 2P0 ,I - -

Ot& I7r9•2 :I 38 ! I (i)

Grease -- '- - . - -



~ 3-~8 I -a. ~1 8a 8- 8-i 8-1 18-1 i-l

iao 1• , '13 10 12 12 1624

260 : 8 ~ 8 0 1 0 - 1

Parameters

18.35 8.30 8zo 18-1 :8.33 '8.40 8 8-,0 8.4518.4o !8.20

SPec COd 303 30.4 .310 i314 318 122 328 330 30 1 3 3 3330

u-id.ty 1.70 ;0.80 0.83 '.80 0.7 1.-3 c2.8 3.7 !0.6 00.'

.39.7 i- . 8.4 8o .8 !8.0 3.7 7 7.8 '8.8

3i i. 13 1.4 . 2.5 2.3 3.0 2.0 .33

X' cona.* 54 354 3.65 !.65 .9 .91 '.77 3. 9 . .72.

. 05 1•.0 .34 .0o .05 .05 .02 !o.j o

N-Q3  1.06 .06 or.0 8 * ..10 .15 .05 '.09 ;.05 i.05

?.--To-l. ;.10 .10 .10 .12 ..17 .8 .17 .85 ,.18 .17

-Sol. .0 .,8 i.1i2. 1 .13 .11 .13 , 1.0

• %.±d8Susp. 3 3 .5 3 .5 •2 5 .5 3 . 2

Chloride _27 1 725726y_26.0_ -5.o !25.5 260 o26 o 2-7.1

Alkalinity. 94 : o 88 :90 9 80" 92 92 .92

Lab. # l97-D 98d - 99-D '100-Dl 101-1) 1.02 -D l03-D--IL4-D'1O5-D'.1O6-D

-__ _ __,,p•• I I j I

C-OD.~e 8. 1" 9.0 :115•.61 4.60 15.90 :2.91 3.3717 .4 :7

t i 1 '- s/c



-Grat Bc ýr.

Post Dredge (xua)
___________ mg/Ikg

-Ii •

-i-68 8-1-6 8-i 8-1o6 8-15 8-15 8-15 8-5

S. N 8 1 10 1 12 164 ll 10 9 164 __

S. ..I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

Parameters I :
1 __ __ __ _ __ __i__ __ __ _ __ __ _

I I

BOD 4,150i 687 !2,75813,764 776 571 950 5000 i

COD 3,452;i 2,407'i8,681 11,192S 1,8511 1,845 1,58h 1,7 4

N-NO3  4711 3' 7 1 14i 1l 37 12i-ý 1,

P04 -Totl. 2$54712,009I5,545 ,395 1,081!1,281;2,000 2,285

-Sol. 33.9ý 4.27, 5.72 32.0 1.30 1.06 1 4.20 7.50 i

Total Solids % 53.1; 70.2• 34.9 28.1 75.13 75.2' 70.21 26.4 I

Total Vol 3.98! 2.05 7.93 9.26 1.35 1.57: 2.38 9.80

Oil & Grease i1),52! :,463 1,590 53J ' 965 3 ,:

Chlorine Dem O735_ 569 IO,401; 10,320 570 664 1i,139 13,750.

S10 2 % 31.5" 62.5 27.3 21.6: 686 -6' 63.2 15.8:

H o 146. 9 11-29.8- 65.08 71.1312 4 .91!24.70; 29.77:' 73.6

S- I: 1

I I

°_, _ _ _ _ _____L. - . .. ' . I ,, ,I- .. - -"2_____ii_'_____--______i________iI
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TABLE VII , -

GREAT SODUS BAY DREDGING PROGRAM
STATION DESCRIPTIONS*

Station Description

8 Midstream of approach channel 1,000
feet north of Sodus outer light

9 Fifty feet NNW of black can buoy #5,
Sodus Bay approach channel.

10 Midstream of approach channel mid-
way between the north and south ends
of channel breakwaters.

1. Middle of channel 50 feet north of a
line between buoys #3 and #4 at Sodus
Bay entrance.

12 Mid-way between buoys #3 and #4 on
approach channel to coal dock-

164 In center of Great Sodus Bay mid-way
between Nicholas Point and the southern
most point of Eagles Island.

(430 14' 54" - 760 56' 57")

166 Corps of Engineers Spoil area in Lake
Ontario

(430 16' 30" - 770 34' 30")

SSee Figure 1

() /
/50
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APPENDIX A3

INTERIM SUMMARY
of

BUFFALO HARBOR DREDGING EFFECTS INVESTIGATION

U. S. DEPARTMENT OF THE INTERIOR
FEDERAL WATER POLLUTION CONTROL ADMINISTRATION

CLEVELAND PROGRAM OFFICE
1

M~arch 1968j



INTERIM SUVIA.RY OF BUFFALO
KARBOR DREDGING EFFECTS IINVESTIGATION

March 1967

INTRODUCTION

This interim summary of the Buffalo Harbor *ircdgin• investigation

includes data on in-place materials (sediment and water) sampled prior

to dredging of the Buffalo Harbor, Buffalo River, and Black Rock

Channel. Summary data on the concentration of constituents present in

the inflow and outflow of the hopper dredges during dredging of the

Buffalo Harbor and Black Rock Channel are also included.

The investigation in the Buffalo Harbor is directed towards de-

termining the quality characteristics of the materials dredged, local

effects of dredging in the dredging areas, and evaluating the efficacy

of depositing the materials dredged from the Buffalo River into a sector

enclosed by a dike constructed of steel plant slag.

It is not planned to investigate the effects on Lake Erie from the

disposal of Buffalo Harbor dredgings into the lake. Such a study in

this area would be inconclusive since any effects would largely be ob-

scured by wastes from Bethlehem Steel and other industries currently

entering Lake Erie in the immediate vicinity of the dump area.

Unavoidable delays in the construction of the dike severely lim-

ited the extent of sanpling during and following completion of the

Buffalo River dredging. Although some very preliminary indications of

the suitability of disposal within the dike area have been obtained,

S. . . . .. .f " -- Z i . . .



data to be collected prior to 1968 dredging are needed to reach more

valid conclusions.

This summary is based principally upon sampling of bottom sedi-

ments and overlying water in the Buffalo River, Harbor and Black Rock

Channel. Relatively few in-place sediment samples were collected in

the Buffalo River. It is planned to more definitely determine the

characteristics of these sediments from samples collected of the

dredged material loaded on barges. These samples are currently being

analyzed. Figures 1 and 2 show the sampling points.

Sediment Analysis

Figures 3 through 6 show the results of sediment analysis as

value profiles for the river, harbor, and the Black Rock Channel.

Chemical Oxygen Demand

The Chemical O,'gen Demand (COD) of the harbor and channel is

shown in Figures 3 and 5. The COD exceeded 100 mg/g at the south

end of the harbor and decreases towards the north end of the harbor.

Ferrous iron wastes from the Bethlehem Steel and Hanna Furnace plants

most probably account for the higher concentration at the south end of

the harbor. The mouth of the Buffalo River is at the extreme north end

of the outer harbor. The flow from the river moves north into the

Niagara River and the Black Rock Channel. The increase of COD in the

sediments from the south end to the north portion of the channel most

probably reflects the inputs from the Buffalo River together with inputs

from Scajaquada Creek which enters at the north end of the channel.

The maximum COD (218 mg/l) was found at the north end of the channel.

2 -
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The limited Buffalo River data indicates that the COD of the

sediments is lowest at the upstream limit of the dredged sector and

increases lownstream to 180 mg/g in the vicinity of several industrial

waste discharges. It decreases markedly at the river mouth where sig-

nificant dilution with lake water occurs.

Volatile Solids

The concentration of volatile solids in the sediments (Figure 3)

followed a distribution pattern similar to that of the COD. The max-

imum concentrations were 107 rg/g at the south end of the harbor, 119

mg/g in the channel and 126 0'g/g at the lower end of the Buffalo River.

Oil and Grease

Concentrations of 10 mg/g of oil and grease (hexane extractables)

were found at the south end of the harbor and the north end of the

channel. Quantities as low as 1.73 mg/g were found in the intermediate

sectors. The concentration ranged from approximately 7 mg/g at the

upper limit of dredging and at the mouth of the Buffalo River to a max-

imum of 27.6 mg/g near the center of the dredged portion.

Phosphorus

The amount of phosphorus in the sediments was about 1 7g/g through-

out the harbor and channel except at the north end of the channel where

it was 1.72 mg/g. The higher value found at this location probably

results from combined sever overflows to Scajaquada Creek. The concen-

trations in the Buffalo River were also relatively c-onstant, ranging

from 1.0 to 1.3 mg/g.

9
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Nitroxen

The total nitrogen level in the sediments was higher at the

south end of the harbor (2.89 mg/g) and at the north end of the

channel (3.26 mg/g) than at any intermediate point sampled. The con-

centration was somewhat more uniform in the Buffalo River, ranging

from 2.2 mg/g to 3 mg/g found 0.9 miles upstream of the mouth.

Iron

The maximum concentration of 125 mg/g of iron was found at the

north end of the harbor which receives iron bearing wastes from the

Hanna Furnace and Bethlehem Steel plants. In other portions of the

harbor and channel the sediments contained about 50 mg/g of iron.

As was expected, the maximum concentration of iron (113 Mg/s in

the Buffalo River was found near steel plant waste discharges. It

vas aproximately 29 mg/g at the upper dredging limit and 49 mg/g at

the mouth.

Diked Area for Disposal of Buffalo River Dredgings

Figures 7 through 12 show the concentration of the various con-

stituenta in the sediments in the vicinity of the diked disposal area

as well as the harbor and the Buffalo River. It is noted that the

concentrations of total phosphorus, total nitrogen, and volatile

solids were essentially the s=a4 near the diked sector as in the ad-

Jacent harbor area. The quantity of COD, iron, and oil and grease

is somewhat lower in the immediate vicinity of the diked area than in

the nearby harbor sector. This would seem to indicate that the move-

ment and deposition of waste materials from the Bethlehem Steel and

10
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Donner Hanna plants tends to occur in the harbor and they do not

enter the area near the dike.

Sediment Load Summary

The loadings of the various constituents to the Lake Erie dump-

ing grounds resulting from the Buffalo Harbor and Black Rock Channel

dredging in 1967 is presented in Table 1. The reported values were

calculated from analyses of sediment samples collected from hopper

dredge loads and the to+,al dry solids dredged as determined by the

Corps of Engineers. Although the number of hopper dredge loads

sampled was somewhat limited, the reported values are believed to be

reasonably valid.

Table 2 shows the quantity of the constituents of the material

dredged from the Buffalo River and placed within the diked area.

These values are at best approximate as they are based on the analysis

of relatively few samples of in-place sediments collected from the

Buffalo River. A larger number of collected samples of the materials

loaded on the scows is currently being analyzed. Use of these deter-

minations when available will provida a more dependable estimate.

Table 3 shows the average concentration of constituents found in above

areas which were used in calculating the loadings.

Benthic Bioloxy

Sludgevorms were the predominant benthic organisms found in most

of the areas sampled. The numbers found are presented in Figures 13

and 14. Some areas were essentially devoid of benthic organisms. This

was true of the Buffalo River and the extreme south end of the harbor.

7)
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TABLE I

MOADINGS TO LAKE ERIE FROM BUFFALO HARBOR
AND BLACK ROCK CHANE DREDGING -1967

• • .... Black Rock
-constiuent Harbor Channel Total

- (lbs) (lbs) (lb•)

.. c ... lOgien Demand 57,300,000 3,420,000 60,720,000

r Chlorine Demand (15 min) 2,230,000 -- -

- Volatile solid.s 48,900,000 2,530,000 51,430,000

Oil: and Grose 3,510,000 184,000 3,694,000

Phosphorus 402,000 28,000 430,000

Nitrogen 1,150,000 62,300 1,212,000

'Iron 41,700,000 1,110,000 42,810,000

"Total Dry Solids 516,603,000 24,800,000 541,400,000

- Note: Based on available data. Additional forthcoming data may
! -esult in 8ome adjustment.

18-
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TABLE 2

LOADINGS FROM BUFFALO RIVER
DEPOSITED INTO DIKED AREA

1967

Constituent Pounds

Chemical Oxygen Demand 12,100,000

Volatile Solids 7,810,000

Oul and Grease 1,120,000

Phosphorus 9 4,400

Nitrogen 215,000

Iron 4,980,000

Total Dry Solids 82,10f,000

Note: Tentative estimate. Forthcoming expected to provide more
dependable values.

1
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TABLE I

LOADINGS TO LAKE ERIE FROM BUFFALO H{ARBOR

AND BLACK ROCK CHAN=IEL DREDOINIG - 1967

Ba1.ck Rock
.Constituent Harbor Channel Total

(lbs) (lbm) (bs)

Chemical Oxygen Demand 57,300,000 3,420,000 60,720,000

* chlorine Demand (15 min) 2,230,000 -- -

Volatile Solids 48,900,000 2,530,000 51,430,000

Oir and Ore*s" 3,510,000 184,000 3,694,000

* Phosphorus 402,000 28,000 430,000

Nitrogen 1,150,000 62,300 1,212,000

-Iron l1,TO70,000 1,110,000 142,810,000

Vftal Dry Solids 516,600,000 214,800,000 541,o00,000

Note: BEased on available data. Additional forthcoming data may

result in s@me suQatmen. *
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TABLE 2

LOADINGS FROM BUFFALO RIVER
DEPOSITED jiNTO DIED AREA

1967

Constituent Pounds

Chemical Oxygen Demand 12,100,000

Volatile Solids 7,810,000

Oul and Grease 1,120,000

Phosphorus 94,4o00

Nitrogen 215,000

Iron 4,980,000

Total Dry Solids 82,100,000

Note: Tentative estimate. Forthcoming expected to provide more
dependable values.
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TABLE 3

AVERAGE CONCENTRATION COMPARISON FOR VARIOUS AREAS
(mg/g dry weight)

Constituent Vicinity Buffalo Buffalo Llack Rock
of Dike Harbor River Channel

COD 89 ill 147 138

Total Volatile Solids 74.0 94.9 95.2 102

Chlorine Demand (15 min.) -- 4.13 -- --

Oil and Grease 2.43 6.81 13.63 7.43

Total Phosphorus 0.852 0.778 1.15 1.13

Total Nitrogen 1.58 2.23 2.62 2.51

Total Iron 65.5 80.9 60.7 44.8

2
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Materials toxic to the organisms are suspected of being present in the

water and/or sediments at these locations. Smothering by erosion

materials may also play a part.

In the Black Rock Channel sludgevorms were overwhelmingly dom-

inant. In the portion of the harbor extending from the dike area to

the north end of the harbor there were fever sludgeworms and a some-

what more balanced benthic population. This indicates that this

sector is somewhat less polluted which was also shown by the chemical

characteristics of the sediments.

Samples for determination of benthic organisms present in the

area surrounding the dike area were also collected after termination

of the 1967 dredging. Similar determinations are to be made prior

to 1965 dredging operations. A comparative evaluation of the organ-

isms present before and after dredging may provide significant infor-

mation as to the effect of dredging operations.

WATER ANALYSIS

The ranges of the concentrations of constituents present in the

waters in river, harbor, channel, and dike disposal areas prior to

dredging operations are shown in Table 4. The waters at the lake

dumping were not investigated as the available time was limited. it

was believed that the high background concentrations due to Bethlehem

Steel waste discharges in the immediate area would obscure any before

and after changes in water quality and render such investigation

relatively inconclusive.

The disposal of dredgings from the Buffalo River was somewhat

23
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TABLE 4

CONCENTRATION RANGES OF WATER CONSTITUENTS

Constituent Vicinity Buffalo Buffalo Black Rock
of Dike Harbor River Channel

Total Phosphorus 0.03-0.08 0.03-0.06 0.17-0.82 0.04-O.08

Organic N mg/: 0.28-0.70 0.39-1.01 2.02-4.93 0.39-0.68

Ammonia N mg/l 0.01-0.14 0.01-0.10 0.05-0.10 0.03-0.22

Nitrate N mg/l 0.06-0.13 0.02-0.10 0.14-0.32 0.06-0.23

Chloride mg/1 23-26 23-26 38-64 24-35

Phenol mg/l 0-3 0-20 32-1590 0

Total Solids mg/l 176-375 206-273 207-428 231-345

Suspended Solids mg/l 0-8 0-8 0-50 2-32

Conductivity 320-340 320-350 400-670 320-400
micromhos/cm

Coliforms/100 ml 70-400 100-800 15,000-36,000 <10-4600

TABLE 5

MEDIAN COLIFORM CONCENTRATIONS
(org/l00 ml)

Vicinity Buffalo Buffalo Black Rock
of Dike Harbor River Channel

Coliforms/100 ml 350 400 21,000 1,920

24 •4., • ..
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curtailed and not completed until the end of November. This limited

the extent of sampling during and after the dredging. Not all of the

analyses of these samples have been completed. Preliminary examina-

tion of the currently available data does not indicate any changes

in the water quality outside of the diked area due to disposal opera-

tions. It should be recognized that the analytical methods for par-

ameters used may not be sufficiently sensitive to show slight changes

that do occur in the surrounding waters. Table 5 shows median coli-

form concentrations in the areas stulied. No changes in the bacterial

quality of the water outside the diked area due to disposal operations

are discernable.

CONSTITUENTS IN THE INFLOW AMD OUTFLOW OF HOPPEM DREDGES

Data on certain constituents in the inflow and outflow of hopper

dredges are presented in Table 6. The values shown are the average

concentrations of those found in several dredge loads.

SOME TENTATIVE CONCLUSIONS

The hopper dredging operations in the Buffalo Harbor and the

Black Rock Channel markedly increased the visually observed turbidity

and floating oils in the area dredged during the operations. The oil

films persisted for some time after the dredging.

From limited data nov available, it appears that the disposal of

dredged materials within the diked area does not create any signifi-

cant detrimental effect on the waters surrounding the dike.

It is believed that the more accurate procedure for determining

the constituent loadings in the dredged materials is to collect

25
I !
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TABLE 6

AVERAGE CONCENTRATION OF CONSTITUENTS IN
INFLOW AND OUTFLOW OF HOPPER DREDGES

Buffalo Harbor Black Rock Channel
Cjnstituent Inflow Outflow Inflow O(utflow Inflow Outflow

6-15-67 6-15-67 6-19-67 6-19-67 7-5-67 7-5-67

COD 33,200 16,000 22,300 14,600 47,000 35,000

Chlorine Demand -- -- 1,350 682 -- --

Oil and Grease * 107 302 176 231 790 181

Total Phosphorus 12.2 5.02 9.23 9.00 29.4 18.2

Total Nitrogen 433 311 396- 375 1,001 696

Total Iron 2,111 1,361 1,435 V08 2,020 1,158

Hydrometer Density 1.196 1.125 1.180 1.098 1.150 1.063

Total Volatile 24,400 17,900 21,000 13,700 o0,000 20,600
Solids

Total Solids 353,000 213,000 296,000 165,000 336,000 117,000

N9

(.
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representative samples of the materials 2oaded on the dredges or
scove. Sampling of hopper dredge inflow and overflow does present

some problems.

27
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INTERIM SUMM•ARY Or CLEVELAND
IWAPBOR DREDGINC EFFECTS INVESTIGATION

DECEMBER 1967
CLEVELAND PROGRAM OFFICE

INTRODUCTION

This summary of the Cleveland Harbor dredr1ng investigation

only includes data on sampled in-place materials (sediment and water)

from the harbor and dumping area. It is essentially a preliminary

report on effects pertaining to present methods of dredging and dis-

posal, even though the actual operational characteristics of dredging

have not yet been investigated in detail.

The final report on dredging for the Cleveland area will include

detail on the water quality effects of various disposal methods (i.e.

deep water versus diked area), the immediate effects of the dredging

operation (material removed versus material returned), and specific

criteria for determining the disposal and dredging methods. To com-

plete the investigation several analyses remain to be made. The

Cleveland diked area (pilot dike) will be studied intensively as will

the dredged materials while dredging.

In addition to the Cleveland investigation all other Lake Erie

harbors will be sampled to determine the quality of existing sediments

in more detail. This is necessary in order to make a sensible judg-

ment on disposal methods. It is recognized that it may not be wise

to keep all harbor sediments from reaching the lake and that some may

be beneficial. These investigations will be reported separately from

the Cleveland report.

I



The summary is based upon sampling of bottom sediments and over-

lying water in the Cuyahoga River navigation channel, the outer

Cleveland Harbor, and the dredging dump for these areas. Figure 1

shows the sampling locations. The characteristics of central Lake

Erie bottom sediments are based upon sampling done in 1963.

The schedule of sampling at Cleveland is shown in Table 1. The

sampling was designed around dredging schedules. The river was dredged

by clamshell between 28 March and 1 July 1967 and the outer harbor was

hopper dredged between 27 March and 6 April 1967.

Tabulations of analyses are not presented in this report but are

available at the Cleveland Program Office, FWPCA.

SEDIMENT ANALYSIS

Figures 2 through 7 show the results of several sediment analyses

as value profiles for the river, the harbor, and the dump.

Chlorine Demand

Chlorine demand (15 minute) was determined on a dry weight basis

for bottom sediments at the river and harbor stations in September 1967.

"It has not been determined for any dump or lake bottom samples.

Cuyahoga River sediments have a high chlorine demand (Figure 2),

due probably to high ferrous iron content. Test results were erratic

as might be expected but above one mile from the river mouth the demand

averaged more than 30 mg/g. Using data provided by the Corps of Engin-

eers on sediment density(1200 lbs dry wt/yd3 ), the average 15 minute

demand per cubic yard of in-place sediment would be approximately 36

pounds. Extending this to an average scow load of dredged material

(1350 cubic yards) the demand would be 48,600 poumd. Extending further

2
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TABLE I

CLEVWLAXfl HARABOR DREDoING STUDY SAMPLINC

Sampling Date
SamnplinR a ,g 90 0 A N %

River
C22-2 1 3 4 5 6 7 7
CRo.3 1 3 1 5 6 7 7
CR0o.8 1 5 6 7
CR1.3 1 5 6 7 7
cRI.6 1 5 6 7 7
CR2.3 1 5 6 7 7
CR2.9 1 5 6 7 7
CR3.5 1 5 6 7 7
CR4.2 1 5 6 7 7
CR4.5 2 5 6 7 7
CRh.9 2 5 6 7 7
CR5.4 2 6 7 7Old CR0.3 1 5 6 7 T
Old CRO.9 1 5 6 7 7

Harbor
C12-I 1 3 4 7
C22-4 1 3 4 7
C22-6 1 3 h 7C22-7 1 3 3 4 7
222-8 1 3 L 7
,22-11 1 3 7322-13 1 3 4 7
,22-24 1 3 4 T
322-26 1 3 4
-22-27 1 3 47

22 3 4s 7'23-1 2 3 4 7
723-3 2 3 7'23-•3 7

,22-5 1 3 4 5 6'22-9 2 3 4 5 6 7
:22-10 1 3 3 4 5 6 7
!22-12 3 3 4 5 6 7
'22-14 2 3 14 5 6 7
.22-15 2 3 4 5 6 7
:22-16 2 3 4 5 6 7
'22-17 2 3 4 5 6 7
'22-1P 3 3 1 5 6 7
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TABLE 1 (Cont.)

CLEVELAND HARBOR DREDGING FCUDY SAMPLING

Sampling Data
Sampling M ý % iMa 0 .4 \ 110 t- ON M
Location K, N N ~ N-ý -4 .4 -4 ý4 -~e -4 .-i ý -4 .1 H 1-4 -.q M r4 ý4 C~j C' N Cm N NN- -

C-Mr rn n ~ M M '.Q \D ýD \ýo "C \o t-- t-- t- t- t-- t- a\ 6N aN oN c\ oN, a\ oN 6\ a\ a\4 A4 i1

DumD(corit.)
C22-19 3 3 h 5 6 7C22-20 2 3 5 6 7
C22-21 2 3 4 5 6 7
C22-22 3 3 4 5 6 7
C22-23 3 3 4 5 6 7
C22-1- 3 3 4 5 6 7C22-5 3 3 4 5 6 7
C23-5 3 3 4 5 6 7

1. Before any dredging
2. During hopper and scow dredging - before scow dumping
3. During hopper and scow dredging - after scow dumping
4.. During scow dredging - after hopper dredging
5. During scow dredging - long after hopper dredging
6. After all dredging
7. Long after &al dredging

Hopper dredging outer harbor 3/27-4/6/67
Clamshell dredging river 3/28-7/1/67
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to the yardage reioved from the Cuyahoga during the past year (773,000

cubic yards), 28 nillion pounds of chlorine would probably have been

required to satisfy the 15-minute demand.

In the lower one mile of the Cuyahoga River the chlorine demand

decreased rapidly to the level of the outer harbor.

Chlorine demand in the outer Cleveland Harbor, that part of the

harbor between shore and the offshore breakwater, averaged about 12 mg/g

or 24 lbs/ton dry weight. Extending this to a hopper dredge load equiv-

alent of 850 tons dry solids, the demand is 20,000 pounds per load.

Extending again to the amount of sediment removed in the past year,

(19.9,000 tons) the total 15-minute demand would have been 4,776,000

pounds.

The chlorine demand per unit of dry weight in the outer harbor

sediments is only about half of that in the river sediments.

Chemical Oxygen Demand

The chemical oxygen demand (COD) of the river sediments is high

(Figure 2). This demand climbs steeply in the lower one mile of the

river from an average of 70 mg/g to 170 mg/g. Above one mile the

average climbs gradually to about 270 mg/g near the head of the nav-

igation channel. A maximum of 341 mg/g was recorded about five miles

upstream. An average for the entire river would be about 240 mg/g

or about 480 lbs/ton dry weight. This is roughly equivalent to 290

lbs/yd3 of in-place sediment or 391,500 pounds per scow load of 1350

cubic yards. Extending this to the total past year's river dredging,

223,570,000 pounds of COD was removed.

The chemical oxygen demand of the outer harbor sediments averaged

12



about 95 mg/g or 190 lbP/ton dry weight or less than 4O percent of

that in the river. UsiIg 850 tons as a hopper dredge load, 161,ooo

pounds of COD would be juntained therein. For the past year's hopper

dredging 37,810,000 pounds of COD was removed. This is only about

one-sixth of that dredged from the river.

Chemical oxygen demar.d of the sediments in the dumping ground

varied widely with time indicating either considerable transport or

change of in-place sediment character. Both phenomena are probably

responsible. Figure 8, 9, 10 and 11 indicate the magnitude of the

changes. Figure 6 shows a longitudinal COD profile in the dumping

ground. The two areas of dumping are prominent with the river dumping

site showing highest values. The background sediment COD in this area

was apparently in the vicinity of 80 mg/g.

Volatile Solids

Volatile solids in the Cuyahoga River followed a pattern similar

to COD with a rapid increase upstream in the lower mile from about

50 to about 100 mg/g dry weight (Figure 2). Above one mile the in-

crease was gradual to about 135 mg/g in the upper two miles of the

navigation channel. The average for the river was about 125 mg/g or

250 lbs/ton. This is equivalent to approximately 150 pounds per cubic

yard of in-place sediment or 202,500 pounds per dredging scow load.

This ratio applied to the past year's dredging gives ll(,433,000 pounds

of volatile solids taken from the river.

Volatile solids in the outer harbor also followed a pattern sim-

ilar to COD (Figure 4). The average concentration was about 65 mg/g -

130 lbs/ton - slightly less than half the concentration in the river.
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A hopper load of e5o tons dry weight would contain 108,000 pounds of

volatile solids. A total or 25,835,000 pounds vas removed in the

past year's dredging.

Volatile solids in the dumping ground have a pattern very sim-

ilar to COD (Figure 6). The rivu, and harbor dump areas were easily

identified by volatile solids. These areas had concentrations of the

sam magnitude as the scource areas with the highest t. ncentration in

the river dump area.

The background volatile solids concentration in the vicinity of

the dumping grounds is in the range of 4o to 50 mg/g.

Biochemical OxyRen Demand

The 5-day biochemical oxygen demand (DOD 5 ) test on sediments is

not considered a very good test as performed for this study. The teot

involved initial stirring and then quiescence for five days. Results

varied widely (Figure 2) in the river sediments and toxicity W have

played some part in the scatter. In addition some of the oxygen

demand measured here is chemical in nature. The extent is not deter-

miued since IDOD was not measured.

THE BOD5 of the river sediments, as measured, averaged about 15

mg/g or 30 lbs/ton dry weight. It increased sharply within the lower

mile and then climbed gradually to the head of the channel. An

average of 30 lbs/ton is approximately equivalent to 18 pounds per

cubic yard of in-place sediment. This would give 24,800 pounds per

1350-yard scov load and 14,200,000 pounds total removed during the

past year.

(A



BOD5 values for outer harbor sediments were much more uniform

(Figure 4) and averaged about 5 mg/g or 10 lbs/ton. This value would

give about 6.350 pounds per hopper dredge load of 850 tons and

1,990,000 pounds removed during the past year.

BOD5 in the river sediments averaged about 6 percent of the COD

and in the harbor about 5-1/4 percent. The profiles of each were

similar except in the east part of the outer harbor where COD rises

and BOD 5 appentr. to fall. Chlorine demand was also higher in that

area.

In the dumping ground WOD5 was widely variable but the pattern

was similar to COD (Figure 6). The actual dump sites showed higher

30D and the river dump the highest. Figures 12 through 16 show areal

variations of BODr in the dump sediments with time.

Oil and Grease

Oils and greases are the constituents of the Cleveland harbor

sediments which cause the most offensive appearance. They were

measured for this investigation by hexane extraction.

In the Cuyahoga River navigation channel oil and grease content

is high (Figure 3). In the lower mile of the river the concentration

climbs sharply from 5 mg'lg to 25 mg/g of dry weight. In the next mile

it remains relatively constant and then climbs to about 45 mg/g. In

the upper mile of the navigation channel the oil concentration falls

to about 35 mg/g. An average for the river would be about 35 mg/g or

70 lbs/ton of sediment dry weight. This is equivalent to about 42

pounds per cubic yard of in-place sediment or 56,360 pounds per dredg-

ing scow load. Extending this rate, 32,270,000 pounds were removed

19
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from the river in the past year by dredging.

The oil and grease content of the outer harbor sediments is much

lower (Figure 5), averaging about 8 mg/g dry weight or IC lbs/ton. This

concentration would give 13,600 pounds per hopper dredge load of 850

tons and 3,170,000 pounds for the past year's dredging. This is only

about one-tenth the quantity removed from the river.

Oil and grease content in the dumping ground (Figure 7) reflects

the disposal of dredged material, with higher content in the two actual

areas of 1967 dumping. The background level appears to be less than 4

mg/g but in the dumping ground it climbs to more than 30 .g/ig. The re-

sistance of hydrocarbon oils to breakdown has apparently resulted in a

general build-up of oil and grease in this area from dredging of past

years. The background level of 4 mg/g is much higher than the level in

midlake of less than 0.5 mg/g. Figures 17 and 18 show the areal patterns

of oil concentration in March and July, 1967. High levels in the hopper

dredging dump (Figure 17) indicate the source to be the river, but river

sediments were not dumped there this year.

Phosphorus

River sediment phosphorus concentrations (Figures 3 and 19)are

lowest at the river mouth, rising to a point 3.5 miles upstream, then

declining farther upstream. River sediments averaged about 4 mg/g or 8

lbs/ton dry weight phosphorus. This is equivalent tc 4.8 pounds per cubic

yard of in-place sediment or (,L30 pounds per 1350 cubic yard scow load.

25
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Thus 3,710,000 pounds havebeen removed in the past year from river

dredging. This is equivalent to nearly all of the known phosphorus

discharges to the Cuyahoga River.

The phosphorus level in the outer harbor sediments (Figure 5)

was fairly constant, averaging about 1.5 mg/g or 3 lbs/ton dry weight.

Thus a 50- .ton hopper would contain 2,550 pounds and 596,000 pounds

were removed by hopper dredging in the past year.

Only a few phosphorus analyses of dumping area sediments have been

made (Figure 19) although more will be made. Higher values in the

hopper dump indicated the presence of both river and outer harbor

sediments.

Nitrogen

Total nitrogen in the Cuyahoga River sediment was time-variable.

The first samples in March 1967 showed much higher nitrogen content,

especially ammonia, than later samples, probably because of slower

breakdown of ammonia in winter, resulting in accumulation.

The average total nitrogen content for all sampling in the river

was about 5 mg/g or 10 lbs/ton and the content rose upstream (Figure 3).

This figure may be low for estimating removal because muc h of the mater-

ial was removed when concentrations were higher. Assuming however

that the average concentration in removed sediment was 5 mg/g, the con-

centration per cubic yard of in-place sediment was about 6.0 pounds.

This gives a total of 14,647,000 pounds removed during the past year.

In the harbor the nitrogen concentration was more uniform, and

much lower (Figure 5), averaging 1.6 mg/g dry weight or 3.2 lbs/ton.

A 8 00-ton hopper load would contain 2,560 pounds. This rate applied

28, I
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to the past year's dredging gives 636,M0' pounds removed for that

period.

Total nitrogen in the dumping ground varied considerably with

time (Figures 20 through Lii). The river dump is most apparent

(Figure 7), and the hopper dredge dump became less conspicuous with

time in regard to nitrogen (Figures 22 an•d 23).

Total Iron

The 'ron content of the river sediments is high. Only samples

taken on the first sampling run have been analyzed for iron, but those

analyses showed an average concentration of about 110 mg/g or 220

lbs/ton dry weight above one mile from the mouth (Figure 3). Near

the mouth the concentration drops to about 30 mg/g. Using an average

of 110 mg/g orl32 pounds per cubic yard of in-place sediment, a scow

load contains 178,000 pounds of iron and 101,980,000 poutds were re-

moved from the river in the past year.

Iron content of the outer harbor sediments averaged about 45 mg/g

or 90 lbs/ton dry weight (Figure 5). This gives 76,500 pounds per

850-ton hopper load and 17,885,000 pounds for the past year.

Total iron in the dut-ing ground sediments shows dramatically the

effect of dumping (Figure 7). Concentrations exceeded those found in

the harbor area with several samples above 150 m9/g (Figures 25 and 26).

These higher concentrations may result from winnowing of lighter

materials.

Silica

The amount of silica in the sediment is an indication of the con--

tribution of inorganic land runoff. It i• in general inversely related

30

•- - -•t -"' . --*-• - •= -• -"T -- :- , - -•t-- -.. .... --- . . . -" ----



txi 0)
E t

JHJ

RI L*0w
*~~~ IN Iw

en w 0

_W 0

iN 0

kJr- I..h

_0 a

0*

404
7<U

oh

31 FIURE 2



'IA 0

w->

I cc

w cc

09 4

I,) I U

32 FIUR 2



oc- 0)-
E z Q

-w w

00 OZ ZO

4 0 w Q

I~ I-

Li- - ---- I

ODIaC

- I .4

33 rU 22



ge Z ma

ouI

,~~ 0

L a,

no0

34RUE2



jcm
El-- 0

o. I F-
!I L.

\ ,

I I

100

- II

100

! I'--.-;-,--
.'. I.w

" .0 0

Ui;;

~'! 4

~ -•

-'I - .. .. . . I "

S. ...... . ....... ...... : ] •+: .•;++



0 )

0)

0 J a

VIP

alla

toy

I,- • ...<J<,

' ii

* g•

0 I

I .- 1 ,-a.I

II ,I l

.4l IIgl l

qJ\ -iI--

L il'{I I

.11

III

, iL i

3 FIGURE 25i

-~~~7 77 77. *~w -



77I

TO.

'4~ Z~O
0 4 -

00 _

4101

W1 0

AO 0

-o-

44 w

K6

37 FIUR 26



to volatile solids content in this area. The river sediments average

about 550 mg/g dry weight and the outer harbor 720 mg/g. The lake

bottom in the vicinity of, but outside the dumping ground appears to

generally exceed 800 mg/g. Silica concentrations are shown in Figure

27.

Sediment Load Summary

Table 2 summarizes the loading to Lake Erie of various constit-

uents as a result of dredging during the past year.

TABLE 2

LOADINGS TO LAKE ERIE FROM CLEVELAND HARBOR
AND RIVER DREDGING - 7/1/66 to 7/1/67

River (tons) Harbor Total (tons)
(tons)

Chemical Oxygen Demand 110,000 19,000 119,000
BOD 7,100 4i,000 8,100
Chl~rine Demand (15 mmn.) 14,000 2,400 16,400
Volatile Solids 58,000 13,000 71,400
Oil and Grease 16,000 1,600 17,600
Phosphorus 1,860 300 2,160
Nitrogen 2,300 320 2,620
Iron 51,000 9,000 60,000
Silica 270,000 140,000 410,000
Total dry solids 460,000 200,000 660,000

It has been stated that dredging carries materials to the lake

which would eventually be transported to the lake naturally. This

is not a valid assumption and could not be until after the deepened

harbor had filled to its natural sediment level at essentially the

level which existed before the artificial channels were dredged.

The Corps of Engineers reports some 15 million cubic yards of

( 38
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material removed from Cleveland Harbor during the past ten years,

more than half of which was removed from the river portion of the

harbor. Cleveland Harbor requires more volume of maintenance dredging

than any other harbor on the Great Lakes.

Silica accounts for about 59 percent of the total solids (by

weight) in the river sediments and 70 percent in the harbor sediments.

This indicates that one-half or more of the total sediment is derived

from runoff.

Table 3 compares the average concentrations of sediment constit-

uents in the river, outer harbor, dumping grounds, and central Lake

Erie. Analyses of midlake sediments made in 1963 are used in this

comparison.

Note that apparent inconsistencies occur in volatile solids and

in total iron. Concentrations in the scow dump exceed those in both

the river and harbor. Also note the similarities between Outer Harbor

and midlake sediments with the exceptions of oil and great and COD.

TABLE 3

AVERAGE CONCENTRATION COMPARISON FOR VARIOUS AREAS
(mg/g dry weight)

Outer Entire Hopper Scow Central
Constituent Piver Harbor dump area Dump Dump Lake Erie

Chlorine demand 30 12 .... .. ..
COD 240 95 107 106 178 41
BOD5  15 5 7 6 10 1
Volatile Solids 125 71 67 140 63
Oil and Grease 35 8 9 10 15 o.4
Phosphorus L 1.5 1.8 2.2 2.5 0.7
!Nitroeen 5 1.6 1.9 1.6 2.7 1.9
Iron liC 45 92 90 150 35
Silica 550 720 61h5 655 53

140



Benthic Biology

Wherever benthic organisms have been found, sludgeworms were by

far the most predominant and they were essentially the only organisms

found in the river.

Benthic organisms (sludgeworms) were present in very low numbers

in the river in March 1967 (Figure 28). Their numbers increased

slightly at the upper end of the navigation channcl and greatly near

the river mouth. By July there were no benthic organisms in the'river

except in the lower half mile. Depletion of dissolved oxygen may account

for their disappearance. Their near-absence in March suggests the pos-

sibility of toxic substances in the sediments.

Benthic organisms in the outer harbor in March and April were

rather abundant (Figures 28 and 29). Sludgeworms were overwe. ":ingly

dominant, but significant numbers of fingernail clams and a few snails

were also present.

Changes in benthic populations between March and July in the

dumping ground sediments were dramatic (Figures 28, 29, and 30). In

March the populations were similar to the outer harbor, in early April

they were much higher; in July the populations were severely reduced.

Comparison of Figures 29 and 30 indicates that initial dredge dumping

may have increased populations but that continued dredging (mainly

river sediment) was highly detrimental to benthos, perhaps by smother-

ing or by introduction of toxicants.

WATER ANALYSIS

It is difficult to show significant lasting effects on water

41-
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quality in the vicinity of dredging and dumping. 'Temporary local

effects occur such as depression of dissolved oxygen levels and in-

crease of suspended solids. For example oxygen levels were depressed

by as much as 25 percent in the area of hopper dredging and by up to

35 percent near the bottom in the scow dump area. Suspended solids

in these areas ran up to 200 mg/i where normally they would be less

than 50 mg/l.

Other chemical parameters of the water anywhere in the study area

were not out of the range expected in the absence of dredging. The

same conclusion also applies to microbiological and biological

parameters. Of course to be considered is the fact that background

values of most of these are relatively high. If the dump area were

farther out in the lake it is likely that effects on water would be

more readily apparent.

Table 4 lists the ranges of some chemical and microbiological

constituents in the waters of the river, the outer harbor, the dumping

ground, and mid.lake. As expected, there is a general decline lake-

ward in the concentration of most constituents.

Total phosphorus and soluble phcsphorus in the river water are

very low compared to the quantities being discharged to the river.

Since phosphorus concentrationr in the river sediments are remarkably

high, precipitation must be occurring in the navigation channel. It

is assumed that iron-bearing waters discharged primarily by steel

plants cause the precipitation.

451



TABLE 4

CONCENTRATION RANGES OF WATER CONSTITUENTS

Constituent River Outer Dumping Central
Harbor Ground Lake

Total P mg/1 0.1T-1.53 0.08-0.55 0.03-0.20 0.02t
Soluble P mg/l 0.05-0.30 0.03-0.16 0.01-0.17 0.003-0.066
Organic N mg/i 0.28-2.88 0.22-1.93 0.12-1.58 0.25t
Ammonia N mg/l 2.60-4.36 0.36-2.42 0.02-1.90 0.00-0.39
Nitrate n mg/i 0.73-1.45 0.43-1.50 0.53-0.78 0.00-0.84
Chloride mg/1 83-294 32-90 24-56 19-46
Phenol ug/l 6-74T 1-86 0-30 ,1
Total Solids mg/1 403-936 219-585 162-374 159-218
Dissolved Solids mg/i 339-828 173-428 160-322 140-239
Conductivity Uxhos/cm 620-1320 260-620 310-420 254-353
Coliforms/l00 ml 9,000- 1,400- 300- <100

1,000,000 58,000 33,000

Table 5 gives a further brief breakd'wn on total coliforms for

the river, harbor and dump.

TABLE 5

AVERAGE COLIFORM CONCENTRATIONS
(org/100 ml)

Date River Harbor Dump

3/23-3/28/67 74,000 10,300 --
3/30-3/31/67 -- 13,000 3,200
4/3-4/4/67 ..-- 2,700
4/10-4/17/67 -- 27,500 4,900

As stated previously, no correlation is apparent between coliform

concentrations and dredging. For example in the dump area it appears

that similar concentrations, due to river outflow and effluent from

46



Cleveland's Westerly Sewage Treatment Plant, would have occurred re-

gardless of dredging. And, as stated previously, dumping in water

fartr,.•r from shore, probably would have shown some contamination.

MISCELLANEOUS MEASUREMENTS

Settleability tests have been made on river sediments. These tests

were crude but showed several interesting things. For instance:

1. Sediments .. mped into either distilled water or lake water
disaggregate rapidly, the amount of disaggregation being
directly related to water depth.

P. Flocculation is not possible in distilled water so that col-
loidal suspended sediment is noticeable indefinitely, Some
flocculation, due to divalent cations occurs in lake water,
settling is more rapid, but the top water will not clear for
several days.

3. A long and indefinite period is required in quiet water for
material to settle to the volume it originally occupied in
the river.

4. Flocculation and settling occurs rapidly with the addition
of alum. However the floc Is light and probably easily
transportable.

5. Chlorination in relatively large quantities (50 mg/l±) causes
stabilization of most materials rosulting in better settling
but also creates a very offensive odor due to the formation
of chlorophenols.

6. Mixing of sediment and water (simulating hopper dredging)
increases settling time and compaction time due to solid
break-up.

These rough lab tests have indicated the desirability of more pre-

cise tests which are presently being planned.

A bioassay of the effects of the addition of river sediment to lake

water on algae and minnows has been done also in a rough fashion in the

laboratory. This kind of work will continue and be refined, but the

first indications are (1) that there is little if any effect on fish
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relative to direct toxicity and (2) after a few days a plankton bloom

occurs in the sedimented tank but not in the control tank. The water

was continuously aerated. It has also been found that with continuous

aeration of river water, plankton blooms will occur and that the addi-

tion of river sediment will cause greater blooms. Plankton are scarce

in the river however.

Another rough experi.mcnt was made to determine the effect of the

most polluted sediment of the river on an established lawn. The first

indications in this case are that the material is beneficial in areas

where retention of moisture is desirable. It also has a slight fer-

tilizing effect on grass and a much greater fertilizing effect on weeds. It

might be quite useful as a soil conditioner. It was expected that the

oil content might be harmful but this has not been indicated. After

drying, oil is no longer apparent and it does not reappear when the

sediment is rewetted.

TENTATIVE CONCLUSIONS

Although analyses on all samples have not yet been completed, and

additional experiments appear necessary, some tentative conclusions

can be drawn.

Immediate Effects of Dredging

River dredging - This dredging, except at the mouth of the river,

is done under contract by clamshell and mud scows. It can be concluded

that this is an effective and fairly efficient method of sediment re-

moval which, in the Cuyahoga River, causes minimal disturbance in

overlying water quality.

i

( L

'l8



The disturbance of water quality is manifested mainly by a tem-

porary increase in turbidity and the creation of additional oily scum

and debris on the water surface, all in the immediate vicinity of the

dredge. The additional material may be carried downstream during

higher flows, but this has not been observed during the study.

Any change in chemical or microbiological water quality which

might result from clamshell dredging is so relatively minor that it

is completely masked by the high river background concentrations.

Lack of algae in the river water indicates lack of adequate light

due to turbidity and that substances are present which at least inhibit

growth. It is not likely that enough water is transported to the lake

in this dredging to have any measurable effect on lake water quality.

This is not true of sediments which also apparently contain some bio-

logical inhibitors, as indicated by scarcity of benthos even when the

river water is oxygen-saturated.

When the Cuyahoga River becomes less polluted than at present, the

immediate effects of dredging will be proportionately greater so that

these conclusions will no longer be valid.

Microbiological effects could not be judged in the dumping ground

water. Changes were in the range expected in the area without dumping.

This perhaps is because of rapid dispersal and natural die-off of the

organisms or perhaps because of materials' toxicity to bacteria.

Long-term Effects of Dredging

In the Cuyahoga River there are no known harmful lasting effects

of dredging; instead there is beneficial reduction of noxious materials.

in the outer harbor dredging may increase the ratio of organic to

9 I
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inorganic sediment, thus tending to maintain lower oxygen levels near

the bottom and in the sediment.

The dumping ground bottom is oily sludge in an otherwise clay

and gravel area. The bottom organisms are practically all sludgeworms.

The oily sludge may contain substances toxic to bottom organisms. The

sludge is spread over a wide area and the breakdown of substances is

unknown.

Large quantities of nutrients, nitrogen and phosphorus, are added

to the lake. Nitrogen compounds break down relatively easily rein-

forcing the supply of inorganic nitrogen for production of aquatic life.

Phosphorus compounds, once they have become part of the sediments, are

released very slowly except under certain conditions of pH and dis-

solved oxygen content of the overlying water. It must be corsidered

however that phosphorus will become available for biological production,

and that all phosphorus discharged to the lake has this potential.

The rate of release will be directly proportional to the concentration

in the sediments and the area over which it is spread. The rate will

also be controlled by the chemistry of the overlying water, i.e. pH

and dissolved oxygen content.

Outer harbor dredging - This dredging is done by hopper dredge

which, of course, is vastly different from clamshell dredging. Ef-

ficiency of this method is determined almost entirely by slurry reten-

tion time in the dredge and settling tdime of disaggregated material.

In general, higher content of in-place organic material results in

lover efficiency of removal because much if not most of this material

is discharged via the hopper overflow. This could lead to an increase
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in the organic content of the sediment remaining after dredging.

The immediate effects in the outer harbor of hopper dredging

upon water quality are an increase in suspended (mainly organic)

solids content and a depression of dissolved oxygen levels. These

effects do not extend any great distance beyond the dredge vicinity.

Dissolved oxygen levels will drop, for example, from 90-100% satur-

ation to 65-70%. More severe depression may occur but it was not

found during this investigation. It is not likely however that levels

are sufficiently depleted to have any significant adverse effect on

biology.

Benthic populations in the harbor appear to decrease in the area

of dredging. If this appearance is real, it is probably because of

removal of the organisms rather than suppression.

Changes in chemical or microbiological character of the over-

lying water in the immediate vicinity of hopper dredging are minimal

and are within the ranges expected without dredging.

Dumping Ground Deposition - The dumping of dredged material for

the past year was divided into two small areas as shown on Figure 1,

one area for outer harbor hopper dredging and the other for river

dredging.

Other than an increase in suspended solids there were no signif-

icant immediate effects on the overlying water at the beginning of

dredging. As time went on however it appeared that dumping of river

sediment was reducing the oxygen content of the lover waters by as

much as 20 percent.

Benthic organisms increased over most of the dumping ground just
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after the beginning of dumping, except at the site of river dumping.

With continued river sediment dumping, the populations decreased,

suggesting toxicity and lateral spread of the material. The spread

is unknown but apparently went beyond the areal limits of the study.

The bottom sediments over most of the dumping ground are gener-

ally objectionable with a significant oil content. The condition be-

came more severe as dumping progressed. This was expected. Consid-

erable spreading over the bottom occurred and this was also expected.

It is apparent that spreading of the dumped materials can be

rapid and a fair percentage is immediately removed in suspension from

the area. Much of the material is immediately deposited but it then

is subject to creep, flow, and re-suspension. Although it has not

been investigated, it is possible that some of the dumped material from

the present dumping area finds its way to shore, especially to the east

of Cleveland.

Changes in chemical and bacterial water quality over the dumping

ground are minimal except just above the bottom in the river dump area

where significant increases in dissolved solids were sometimes shown

during dredging.

Changes in water quality, attributable to dredging, have not been

shown at any of the City of Cleveland's four water intakes.

The phosphorus content of Cuyahoga River sediments is high, on the

order of 15 times the average content of land sediments which are not

artificially enriched. It can also be assumed that these sediments will

be distributed over a large area of the lake and the potential harm

is great.
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TENTATIVE RECOMMENDATIONS

Several interim recommendations can be made as a result of the

investigation thus far. They are listed as follows:

1. The present Cleveland dumping ground should not be used
in the future for the dumping of any dredged material.

2. River sediments should not be deposited anywhere in the
lake; instead they should be confined and prevented from
reaching the lake or the outer harbor.

3. Hopper-dredged outer harbor material should temporarily
(until study is completed) be dumped in deep water about
10 miles from shore where bottom sediments are similar
in some respects to those of outer harbor.

4. Hopper sediments should be discharged near the bottom -
not into surface water - to lessen dispersion.

5. Hopper sediments should be discharged during colder months
in unstratified water, to lessen possibility of prolonged
sediment suspension on the thermocline.

6. Hopper dredging should include flocculation of incoming

slurry if possible; chlorination could also be desirable.

Sediment dumped into a confined (diked) water area will likeLy

require treatment. The most important treatment probably will be

flocculation and chlorination. Filtration of effluent may not be

critically necessary. Oil skimming may be required. Dumping into a

slip and hydraulically transferring material from there into the

diked area at Cleveland may cause serious degradation of outer harbor

sediments unless escape of materials from the slip is prevented.

A final recommendation for disposal of outer harbor sediments may

depend upon a limiting level of oil and grease in the 3ediments. Other

measured constituents do not appear to be more harmful than those al-

ready existing in mid-lake sediments.
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STUDY RJPOSE

The Corps of Engineers and the Federal Water Pollution Control

Administration are eva!uating present dredging techniques and studying

alternate procedures for the disposal of polluted harbor dredgings with

the ultimate objective of providing leadership in the nationwide effort

to improve water quality through prevention, control, and abatement of

water pollution by Federal water resources projects. For the long-range

permanent plan a pilot program of experimentation has been initiated to

investigate all alternate disposal and treatment methods, and evaluate

pollution abatement results.

Eight localities were selected as pilot study areas: (I) Green Bay

Harbor, Wisconsin, (2) Calumet Harbor, Illinois and Indiana, (3) Indiana

Harbor, Indiana, (4) Detroit, Michigan, (5, Toledo, Ohio, (6) Cleveland,

Ohio, (7) Buffalo Harbor, New York, and (8) Great Sodus Bay, New York.

Study areas were selected on the basis of the pollution level of the

dredged sediments and availability of alternate disposal sites.

This report Dresents data and findings resulting from the Cleveland

Pilot dike study. It Includes an evaluation of the disposal and treatment

methods employed, and an evaluation of the pollulion abatement results.

Cleveland was selected as a pilot study area because of the high pol-

lution level of the dredged sediments from the Cuyahoga River, convenience

for field exper-¾nentation, and availability of an alternate disposal site.

The study plan Included the disposal of a portion of the Cuyahoga River
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dredgings from the Spring 1968 dredging operation into a diked disposal

area located in the Cleveland east outer harbor. Two methods of dis-

posal were to be used: (I) pump directly from scows Into the diked area,

and (2) pump the material from the slip into the diked area. The study

would also include an evaluation of the performance of an air barrier

constructed across the opening of the slip and treatment of the diked

supernatant in a portable water treatment plant.

DESCRIPTION OF AREA

Greater Cleveland Harbor consists of an outer harbor and the lower

part of the Cuyahoga River (Figure I). The outer harbor, sheltered by

breakwaters, Is about 5 miles long and 500 to 1,500 feet wide. The

Cuyahoga River navigation channel, nearly six miles ;ong, averages about

200 feet in width.

Cleveland Harbor requires more volume of maintenance dredging than

any other harbor on the Great Lakes. The Corps of Engineers reports

some 15 million cubic yards of material removed from the Cleveland Harbor

during the past ten years, more than half of which was removed from the

river portion. The outer harbor is dredged hydraulically by Corps dredges

while the river is clamshell dredged under contract.

The lower Cuyahoga River and navigation channel throughout the Cleve-

land area isp in effect, an open sewer. The river Is choked with debris,

oils, scums, floating globs of organic sludges, and dissolved solids. Foul-

smelling gases rise from decomposing organic materials on the river's bottom.

The river has a chocolate-brown or rust color.

The inadequately treated wastes from the Cleveland Southerly Sewage
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Treatment Plani, And an undetermined number of combined sewer overflows

discharge huge quantities of oxygen-demanming wastes, nutrients and bac-

terial contamination to the river. These domeitic wastes are Joined by

the discharges from the major industrial complex In the Cleveland area.

The Industrial discharges Include large quantities of solids, metals, oil,

sulfates, ammonia, acids, and other materials.

The outer harbor area receives the discharges from the Cuyahoga

River and numerous storm water and combined sewer overflows. The water

quality varies with meteorological conditions especially the wind which

frequently allows lake water to enter the harbor. Due to density dif-

ferences, lake water frequently underruns or overruns the water of the

outer harbor and lower reaches of the Cuyahoga River.

Two lake disposal sites were established to hold the disposal of

dredgings from the Cuyahoga River and outer harbor. One disposal siTe,

unused since 1957, is located nine miles due north of the Cleveland

West Pier Head Light. The disposal site is two miles long by one mi.9

wide. The lake disposal site presently In use is located along tht lake

s;de of and parallel to the east breakwater (Figure I). It Is three-

quarters of a mile wide and two and one-half miles long. An area 1,500

feet square located In the western portion of this disposal site Is used

for disposal of dredgings from the outer harbor. A second area approx-

Imately one thousand feet square located In the eastern portion of the

same disposal site is used for disposal of Cuyahoga River dredgings.

The Cleveland pilot study called for construction of a diked disposal

area (completed in Decem!er 1967) In the eastern outer harbor area,

3
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(Figure I). A slip was constructed parallel to the west side of the dike

to accommodate dredging equipment and transfer of dredged materials.

The location of the dike is exposed to Cuyahoga River discharges,

numerous storm water and combined sewer overflows, and lake water, de-

pending on metereological conditions. Three of the numerous combined

sewer overflows are in close proximity to the diked area (Figure 2). The

overflows are connected to the Easterly interceptor sewer. The 33rd

Street sewer discharges directly into the south end of the dike slip.

The proximity of numerous waste discharges and the variable water quality

in the harbor make the site unfavorable as a study area.

The dike. (Figures 2 and 3), constructed from 286,000 tons of lime-

stone and dolomite, was designed to act as a filter. The dike core and

filter bed were constructed from Type 8 and Type C limestone. The exterior

riprap was constructed from Type A dolomite. The void space for the Type

A stone Is estimated as 25 percent and for ths Type B and C stone is 30

percent, (Corps o! Engineers).

Dimensions and other pertinent data concerning the dike and adjacent

slip include:

Dike
Length 880 ft.
Width (west end) 430 ft.

(east end) 500 ft.

Oiked Area (before dumping)
Average water depth 24 ft.
Surface area 387,000 ft. 2  43,000 yd. 2

Bottom area 277,000 ft. 2  31,000 yd. 2

Water volume 7,920,000 ft. 3  293,000 yd. 3

Total volume to 10,050,000 ft. 3  372,000 yd. 3

top of dike

Length 420 ft.
Width 220 ft.
Volume 1,673,000 ft. 3  62,000 yd. 3
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All calculations are referred to a lake elevation of 571 feet above

International Great Lakes datum.

To assist sampling, a well was constructed In the dike about 130

f,;t northeast of the northwest corner. The well was constructed from a

•4rfor."4d steel pipe extending to the bottom of the dike, having an In-

,ide diameter of 21 inches.

Water level rz:crders were Installed Inside and outside the south-

east corner of the dike.

The sampling schedule was designed around dredging and pumping sched-

ules (Table I). The first method of disposal into the diked area began

May I, 1968 and cont'nued until June 12, 1968. The second method of dis-

posal began June 21, 1968 and continued through August I, 1968.

Analytical field and laboratory methods are given In the "Laboratory

Manual, Cleveland Program Office" except for special methods which are

described in this report.

Scow samples were obtained by composlting five one-quart grab samples

from each of eight scow compartments prior to dumping. Grab samples were

taken at various depths In each compartment with a specially constructed

sampling device. This cylindrical sampler, attached to a long pola has a

mechanical tripping mechanism to obtain a mud sample from any depth in

the scow.

The dredge Influent dilution water samples were obtained by composlt-

ing half-gallon grab samples at half-hour intervals during pumping. The

samples were taken at a depth of five feet below the surface of the slip
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at the inlet pipe to the pump.

Water in the diked area was sampled at five locations (C22-41, A,

B, C, D, and E) just prior to pumping (Figure 4). Field measurements

for temperature, dissolved oxygen, pH, conductivity, and transparency

were made at each of the five locations. Laboratory determinations were

performed on surface and bottom samples composited from the five locations.

Bottom sediment samples were taken outside the dike at several locations

(Figures 4 and 5) before dumping, between dumping phases, and after all

dumping was completed. These samples, for chemical and biological anal-

yses, were taken with a Paterson dredge. In addition many water samples

were taken outside the dike.

METHODS OF DISPOSAL

DMG I NG rEMhOD

Maintenance dredging of the Cuyahoga River is routinely performed

under contract to the Corps of Engineers. Due to extensive sedimentation,

two contracts are awarded annually, one in the spring and one in the fall.

A total of 524,965 cubic yards (scow measure) were drdlged from the

Cuyahoga River under the Spring 1968 contract.

River channel sediment was removed with a clamshell type dredge. A1

total of 88 workdays (107 calendar days) were required to dredge the spec-

Ified quantity of material. The dredge operated round-the-clock when con-

ditions permitted.

The clamshell dredge placed the dredged material Into scows for trans-

port to the disposal site. The scows, having bottom dump capabilities,

have a maximum capacity of about 1,300 cubic yards. The scows were towed

10J
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to the disposal siteBin pairs by tug at the rate of one pair per work

shift. However, river traffic and weather were controlling factors. A

total of 422 scows were loaded during the course of the contract.

A total of 90,647 cubic yards were disposed in the diked area, while

the balance of the dredgings, 434,318 cubic yards, were disposed by con-

ventional methods in the open-lake disposal area adjacent to the breakwall.

DISPOSAL PUING

The pilot program specifies two methods for placing dredgings into

"the diked area: (I) pump the dredgings from the scows directly into the

diked area, and (2) pump the dredgings from the slip Into the diked area.

Method I

To pump dredgings directly from the scows into the diked area, the

contractor moved on site a dredge equipped with a special suction head.

The dredge was secured In the slip along the west side of the dike. A

discharge pipe, laid over the dike and supported on pontoons, extended

to near the center of the diked area. The scows were moored In the slip

to pilings adjacent to the dredge. The suction head was constructed to

simultaneously jet slip water into the scow and pump the diluted material

from the scows. The suction head could be lowered or raised to different

elevations In the scow. Pumping was Intermittent due to debris and sedl-

ment clogging the pump. The dredge effluent was observed to vary in con-

sistency from slip water to that of the scow sediment.

One scow load was pumped Into the diked area each day. The volume

varied from 200 to 1,311 cubic yards (scow measure) (Table 2). A total

of 45,555 cubic yards were placed in the diked area by this method. Daily

pumping times varied from 15 minutes to 4 hours and 15 minutes.
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TABLE 2

CLEVELAND PILOT DIKE STUDY
METHOD I

QUANTITIES DEPOSITED IN DIKED AREA AND PUMPING TIMES
1968

Quantities Deposited Pumping Time
Date cu.yds.(scow measure) Hrs. Min.

May I 1,311 2 30
2 1,248 2 45
3 400 I 00
4 841 I 30
5 1,289 4 00
6 1,285 4 15
7 1,216 2 00
8 1,242 I 35
9 1,187 4 15

10 1,234 3 00
II 1,204 I 15
12 1,238 I 15
13 200 0 15
14 400 I 00
15 0 0 00
16 1,005 4 00
17 772 2 15
18 1,121 3 00
19 1,144 2 15
20 1,101 2 30
21 1,123 I 30
22 1,239 2 10
23 1,212 2 05
24 1,225 2 10
25 1,239 I 45
26 1,278 I 50
27 1,255 I 50
28 1,170 I 30
29 1,204 I 45
30 0 0 00
31 1,278 I 45

June I 1,148 2 40
2 1,190 I 40
3 1,052 I 45
4 1,223 I 45
5 1,100 2 20
6 971 I 45 I
7 1,170 2 00
8 1,245 I 50
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TABLE 2 (Concluded)

CLEVELAND PILOT DIKE STUDY

METHOD I
QUANTITIES DEPOSITED IN DIKED AREA AND PUMPING TIMES

1968

Quantities Deposited Pumping Time
Date cu.yds.(scow measure) Hrs. Min.

June 9 1,125 I 50
10 1,253 I 40
II 1,245 55
12 1,203 2 00

Total 45,555

15
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The dredgings required dilution with slip water to permit pumping.

It was initially estimated that the dilution would be in the ratlo of

2 parts water to I part sediment. The flow varied for both the influent

water and the dredge effluent, No continuous flow measurements were

obtained. Based on recently obtained percent solids and pump data, (Corps

of Engineers) the average ratio of water to sediment Is estimated at 5 to

1, The total volume (sediment and dilution water) pumped into the diked

area during the first method of disposal was estinated as 273,000 cubic

yards.

Method 2

The second method of disposal Into the diked area consisted of bottom

dumping the scow sediment Into the South end of the slip. Using a hy-

draulic dredge equipped with a rotating cutting head, the sediment was

then pumped from the bottom of the slip into the diked area. The method

of discharge to the diked area was the same as that used in Method I

except for a baffle plate on the end of the discharge pipe. To prevent

removal of the natural slip sediment, four scow loads of scow sediment

were dumped into the south end of the slip to serve as a base. Subsequent-

ly, two scow loads were dumped every other day on top of the base. The

material was dredged from the slip at the rate of approximately one scow

load per day. A total of 45,092 cubic yards (scow measure) were disposed

using this method. The total input (sediment and water) to the diked area

is estimated as 496,000 cubic yards using a ratio of 10 parts water +o I

part sediment (Corps of Engineers). Daily quantities deposited Into the

diked area varied from 997 cubic yards to 1,347 cubic yards (Table 3).

Pumping times varied from 2 hours 15 minutes to 7 hours 20 minutes.
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TABLE 3

CLEVELAND PILOT DIKE: STUDY
METHOD 2

QUA 'TITLES DEPOSITED IN IKED AREA AND PUMPING TIMES
1968

IQuantlties Deposited Pumping Time
Date cu.yds.(scow measure) Hirs. Min.

June 21 1,347 3 05
22 1,292 2 45
23 1,321 3 00
24 1,137 3 00
25 1,313 3 00
26 1,147 4 00
27 1,204 3 25
28 1,292 2 15
29 1,313 3 55
30 1,104 2 20

July I 1,307 3 00
2 1,281 3 10
3 1,215 2 50
4 0 0 00
5 1,292 3 05
6 1,136 3 00
7 0 0 00
8 997 2 25
9 1,200 3 00

10 1,302 3 00
II 1,162 3 15
12 1,296 3 00
13 1,237 3 10
14 0 0 00
15 1,172 3 00
16 1,161 3 00
17 1,292 3 00
18 1,292 3 00
19 1,270 3 00
20 1,270 3 55
21 1,292 3 00
22 1,137 3 00
23 1,178 3 00
24 1,141 3 00
25 1,193 3 00
26 1,150 3 35
27 1,205 3 30
28 1,226 2 30
29 1,098 3 00 0
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Table 3 (Concluded)

CLEVELAND PILOT DIKE STUDY
METHOD 2

QUANTITIES DEPOSITED IN DIKED AREA AND PUMPING TIMES
1968

lQuantities Deposited Pumping Time
Date cu.yds.(scow measure) Hrs. Min.

July 30 1,121 7 20
31 Clean up 5 00

August I Clean up 2 50
Total 45,093

N}

Yardage shown are from Individual scows credited to each day's pumping
and are not the exact yardage pumped each day.
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The study plan included the Installatlon of equipment to form an

air barrier across the open-ended slip to prevent the escape of sediment

dumped Into the slip. The air barrier was created by air bubbles re-

leased from 61 perforated, weighted air lines laid across the bottom of

the outer 150 feet of the slip. The study plan called for disposal Into

the slip for the first two weeks without the air barrier in operation.

During the second two weeks the air barrier would be operated continu-

ously at half cqacity and during the last two weeks the air barrier

would be operated continuously at full capacity. However, due to problems

In design, installation, or operation, the air barrier did not perform as

planned. An air curtain was not created, thus there was no effect on

the containment of material.

DESCRIPTION OF DIKE INFLUENT

The sediment transported to the diked area was very similar to the

river sediments as analyzed In 1967. Table 4 is a summary comparison of

the 1967 river sediment sample data and scow samples taken during this

study.

Since water from the dike slip was used as pump dilution water for

all the sediment placed within the dike, Its constituents must also be

counted in the load to the diked area. Table 5 lists a summary of the

analyses of the slip water and compares them to averages in the outer

harbor and to the diked water prior to dumping.

Total loads of various constituents to the diked disposal area are

summarized In Table 6 along with dike effluent loads and percent reten-

tion. Loads are based upon the reported sediment volume of 90,647 cubic
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TABLE 4

COMPARISON OF 1967 RIVER SEDIMENT SAMPLING
AND 1968 SCOW SEDIMENT SAMPLING

1967 1968
Parameter River Sediment Scow Sediment

_ _ __ _ MR/R
Chlorine Demand 32 33
Chemical Oxygen Domand 240 196
Total Solids 490 480
Volatile Solids 125 133
Oil and Grease 35 36
Total Phcsphorus 4.0 3.9
Kjeldahl Nitrogen 3.2
Total Iron 110 139
Lead -- 0.46
Nickel -- 0.09
Chromium -- 0.24
Cadmi um -- 0.02
Cobalt -- 0.19

jl

20



TABLE 5

COMPARISON OF HARBOR, SCOW SLIP, AND DIKED WATER
BACKGROUND DATA

(mg/1 except as nct!:;)

Outer Harbor SCOW Siip Dike Water
1967 1968 1968

Chlorine Demand -- 15 --
Suspended Solids 41 38 2
Volatile Suspended Solids -- 21 0
Total Phosphorus 0.17 0.09 0.05
Kjeldahl Nitrogen 1.90 2.02 1.23
Lead -- 0.058 --
Nickel -- 0.090 --

Chromium -- 0.034 --

Cadmium -- 0.010 --

Cobalt -- 0.025 --
Phenols 0.010 0.003 0.005
Total Coliforms/lO0 ml 17,000 5,800 150
Fecal Coliforms/lO0 ml 1,500 2
Standard Plate Count 350/ml 29,000 310
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yards plus Influent pumping water volume of 679,000 cubic yards.

DESCRIPTION OF DIKE EFFLUENT

Top WATER

The dike effluent shall be considered equivalent In quality to the

top water (supernatant) In the diked area during both methods of dis-

posal. It was not possible to obtain a representative sample of the

dike effluent because of its slow seepage through the dike and Immediate

dilution with harbor water. Calculated effluent loads uf various con-

stituents are shown in Table 6.

Prior to the first method of disposal, the supernatant was high in

dissolved oxygen averaging 92 percent of saturation at 11.0 mg/liter.

The conductivity, which measures Ionic species In solution and conse-

quently is indicative of inorganic dissolved solids, was 490 micromhos

per cm. During the first day of disposal the dissolved oxygen reserve

in the dike was dep. ,ed 10 percent. After the second day of disposal,

25 percent of the background DO was depleted. Disposal occurred daily

for the following week with no further monitoring of tne dike super-

natant. Upon remonitoring, one week after the start of disposal, meas-

urements revealed a complete depletion of the supernatant dissolved oxygen.

The bottom waters lost oxygen at an even faster rate. During the first

week conductivity measurements Increased from 490 to 690 uMos/cm,

(Figure 6),

A small amount of DO was r*asured in the supernatant (0.3 mg/I) one

week after cessation of the first method and three days prior to Initi-

ation of the second method. Conductivity measurements decreased slightly
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during this period Indicating dilution and/or some chemical reaction

and settling. With the start of the second method and until completion,

the conductivity increased only slightly not quite reaching the peak of

the first method. During the second method the oxygen remained depleted

in the supernatant with only a slight rise In D0 on the last day, prior

to completion.

As can be seen from Table 7, there was a huge Increase in nutrients

and solids with the start of dike disposal. The nutrient increases re-

mained fairly stable throughout the study period although solids-wise

large decreases toward background values were noted between methods and

toward the end of the second method.

Three weeks after the study period, dissolved oxygen in the super-

natant had reached 5.6 mg/I and conductivity measurements decreased

toward normal (Fig. 6). The oxygen replenishment of the supernatant .

coincided with and resulted fron huge population increases of green

coccold algae mostly Ankistrodesmus sp. and an unidentified nanno-plankton.

Prior to disposal the supernatant transparency was as much as 5 ft. At

no time during thq test, through both methods, did the transparency ex-

ceed 3 inches.

DIKE FILTRATION

The dike effluent flow is a function of the rate of disposal inputs,

the permeability of the dike, and the ambient lake level fluctualIons.

As measured, lake level fluctuations of two or three tenths of a foot

were common with occasional instances of one foot or more. Diked water

levels closely coincided with 1a~e level fluctuations except then peak

levels occurred. Approximately 43,000 cubic yards of water passed through

25I
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TABLE 7

CLEVELAND PILOT DIKE STUDY
SUMMARY OF DIKED WATER CHEMISTRY AND MICROBIOLOGICAL DATA

Before During IBetween During iAfter
Parameter Disposal Method I Methods Method 2 Disposal

% Sat 92 0 2 0 38

CON 618 642 647 541

pH 6.8 7.5 6.9 7.4 7.4

TP 0.05 0.89

TK-N 1.23 21.8 27.2 17.1 7.1

TSS 2 121 36 83 46

VSS 0 30.8 4 25.5 28.5

P 4.7 14.3 3.1 5.2 1.7

CI D 11.5 1.3 4.4

Pb 0.161 0.087 0.113

Ni 0.084 0.044 0.073

Cr 0.110 0.036 0.052

Cd 0.012 0.001 0.006

Co 0.015 0.008 0.009
2 TL, 150 5,650 350 1,100 450

2 Fe 2 090 102 540 10

2ýpc-35 310 662,500 115,000 95,000 2,500

I

I Data based on one sampling

2 Median count were possible
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the dike with a one-foot change In diked water level.

No head was measurably created In the diked area during either dis-

posal method, therefore the rate of Input was essentially equal to the

rate of discharge from the diked area. Exclusive of water level induced

displacements, a total volume of 273,000 cubic yards passed through the

dike during the first method of disposal and 496,000 cubic yards during

the second method.

The dike effectively retains all floating debris. Oils might even-

tually filter through the dike, especially In the form of emulsions or

soaps, the latter resulting from reaction with the natural lye content

of the original diked water. Most dissolved solids are expected to pass

through the dike, at least after the first electrical and chemical re-

actions have taken place. The lime:tone and dolomite dike will elec-

trically adsorb and chemically interact with the negatively charged

colloids and anions in solution to affect their deposition and subsequent

removal. Coating of the dike through filtration, in addition to electri-

cal and chemical deposition, will eventually cover the reactive limestone

and dolomite surfaces to the point where dissolved solids would pass

through unaffected in character. Winds from the north will backwash the

dike with harbor water, in effect partially renewing the reactive filter

surfaces, at least for a short period.

In an effort to characterize the dike effluent, a well was constructed

In a northern portion of the dike (see Figure 2). After Initial displace-

ment of the original water by pumping, the well was sampled on several

occasions. In general the concentrations of the parameters measured were

between the lower harbor and the higher diked water values. Total
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suspended solids inside the well (29 mg/I) were approximately the same

as found in the harbor water. From the limited solids data available

It is indicated that the suspended solids (non-colloidal) are being

effectively retained by the dike.

WATER PiT EvAuwAT i oN
In the event that the supernatant should need further treatment

to meet water quality standards, the efficiency of a portable water

treatment plant was evaluated. Four procedures for water treatment were

employed, the last three being a variation of the normal, standard

treatment for potable water. These procedures included (I) coagulation,

filtration, and disinfection, (2) coagulation only, (3) coagulation and

filtration, and (4) filtration only. The water plant was modular in con-

struction being composed of a combination mixing, sedimentation basin,

and diatomaceous earth pressure filters. Ferric chloride was used as

coagulant, lime for pH control, and calcium hypochlorite as disinfectant.

As can be seen from Table 8, for the removal of turbidity, chemical

oxygen demand and nutrients, the standard treatment (coagulation, filtra.-

tion, and disinfection) for producing a potable water was the most ef-
N

fetive. As modifications from the standard procedure (elimination of

acknowledged essential steps In water treatment) were made for the sake

of economics, treatment efficiency 'suffered. In addition, the expected

operational difficulties materialized - shortened filter runs, excessive

chlorine demand etc. With respect to dissolved metals, no procedure was

significantly effective. In this Instance anionic polvelectrolyte coag-

ulant aids most likely would have Increased metals removal substantially.

Microbiological removals were greatest with the standard procedure.
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Proper coagulation and sedimentation are most effective In removing

turbidity and bacteria. Polishing by filtration and disinfection pro-

duce a bacteriologically safe water treatment plant effluent.

CHANGES IN OUTER HARBOR

DUE TO DIKED EFFLUENT

WATER QUALITY CiARAcTERISTICS

The harbor water in the dike vicinity normally varies between the

extremes of Cuyahoga River water and Lake Erie background, depending

upon river flow and wind velocity and direction. It Is likely that

water flow through the harbor, although reversing direction frequently,

is several orders of magnitude greater than dike effluent flow. With

this kind of situation, It was futile to attempt to determine dike of-

fluent-induced changes in harbor water. However it can be reasonably

concluded that the effect was very slight, except for an occasional

narrow discolored band along the dike proper.

Although dike effluent effects were relatively unimportant, changes

did occur in adjacent harbor waters as a result of slip effluent during

the second method of disposal, that of dumping sediment Into the slip

and pumping it therefrom.

Figure 7 Illustrates patterns of turbidity on three occasions during

the second method of disposal. These patterns were caused primarily by

churning of the slfp water by the scow tug which also forced the turbid

water out into the harbor, where it was carried by wind and currents.

Field measurements during the second method of disposal revealed
I

patterns of conductivity (Figures 8 through II) and dissolved oxygen

;
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(Figures 12 through 15) which strikingly illustrate the effects of slip

effluent. During the first method of disposal, (pumping directly from

scows) no patterns were traceable to the slip.

SEDIH'NT CHARACTERISTICS

The harbor sediments in the vicinity of the dike were analyzed

chemically and biologically before disposal, between the two methods

of disposal, and after disposal was completed. Although sampling for

biology appeared adequate, sediment chemistry sampling left much to be

desired. Chemistry sampling was done with a Paterson dredge which pen-

etrated several Inches into the soft sediments. Deposition throughout

the disposal period was probably much less than that depth and the por-

tion attributable to disposal effluent was likely only a small fraction

of that deposition. Thus chemistry sampling of sediment would show

measurable changes due to disposal effluent only where deposition of

disposed materials was greatest, in and very near the scow slip.

The above tactors must be kept In mind when examining the sediment

chemistry as portrayed In Figures 16 through 35.

Figures 16, 17, and 18, Show changes in chemical oxygen demand.

The changes are not significant except at the mouth of the slip and In

the harbor channel. Changes in the harbor channel may not be related

to diked disposal. Figures 19, 20, and 21, show total iron. It remained

essentially the same except for a significant Increase at the slip mouth

during the second method of disposal.

Figures 22, 23, and 24, total kjeldahl nitrogen, Indicate that changes

are probably controlled to a greater degree by factors other than disposal,

since values were relatively uni orm throughout the study. However
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phosphorus exhibited rather dramatic changes (Figures 25, 26, and 27).

In general phosphorus Increased during the first method of disposal and,

except near the slip mouth, declined during the second method. These

changes indicate that phosphorus sea:mntatlon phenomena from other

causes overshadow the effects of disposal effluent, except very near

the scow slip where phosphorus concentrations raised to and remained

at higher levels during disposal.

Oil and grease concentrations In the harbor sediments (Figures 28,

29, and 30) in the vicinity of the dike showed redistribution during dis-

posal but not a significant Increase except near the slip entrance and

then only during the second method of disposal.

Volatile sedlment solids (Figures 31, 32, and 33) decreased during

the first method of disposal and then, during the second method, in-

creased markedly near the dike. Chlorine demand (Figures 34 and 35),

not measured before disposal, increased moderately during the second

method of disposal.

The benthic fauna of Cleveland outer harbor are dominated by Oligo-

chaeta and Sphaerlidae with lesser numbers of Chlronomidae, Peosobranchla,

and Hirudinea. Figures 36, 38, and 40 depict the Oligochaeta (sludge-

worm) populations before disposal, between disposal methods. and after

disposal. Figures 37, 39, and 41 show Sphaeriidae (fingernail clams)

populations at the same times.

Sludgeworms in the harbor In the vicinity of dike before disposal

and between disposal methods showed rather wide areal variation In pop-

ulation with the highest at the slip entrance, possibly In response to

3 the sewer discharge Into the slip. During the second method the total
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population showed a general reduction and remarkable uniformity In

areal population distribution.

Sludgeworm population pulses occur naturally In winter, spring, and

suflner, with a reduction In fall. The reduction after completion of dis-

posal may have been a part of a natural cycle, but it may also have been

a result of a sediment change.

Fingernail clams (Figures 37, 39, and 41) were dramatically reduced

In population during the first method of disposal and even further during

the second. Patterns of relative abundance were similar in all cases

with fewer numbers near the dike. After completion of disposal none were

found adjacent to the dike.

Fingernail clams also have certain normal growth cycles. Their num-

bers are relatively constant through winter, spring, and summer until

August when a peak occurs. The population dirlng this study did not fit

that pattern, indicating a harmful Influence. It Is likely that that in-

fluence was disposal effluent coupled with effects of sewer discharges.

The introduction of a toxic substance from the diked area Is suggested.

Although Cuyahoga River sediments contain many substances which are more

or less toxic, it is not known which or how much are required to eliminate

a bemthic organism population.

CHANGES IN LAK E ERIE WATER
QUALITY DUE TO DIKED DISPOSAL

The quality of Lake Erie water has not been measurably affected by

the diked disposal effluent. It is likely that more than 99 percent

(Table 6) of nearly all the disposed sediment constituents have been per-

manently removed from the lake ecosystem. Compare this with normal waste
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treatment procedures and the removal seems astounding. Although the

retention efficiency might decrease with increased disposal pumping,

it probably would still be greater than 95 percent. Thus, whatever the

effect upon Lake Erie, It would be 5 percent or less of the effect

caused by open-lake dumping.

The nutrient phosphorus is now considered the principal control-

lable factor in the degradation of Lake Erie water quality. Diked dis-

posal removes nearly all of the sediment-contained phosphorus, whereas

with open-lake dumping, under the Influences of currents and wave trans-

port ano lake bottom chemistry phenomena, the sediment contained phos-

phorus must be considered as potentially available to the water as a

nutrient. Thus diked disposal, especially in Cleveland Harbor where

most of the waste phosphorus resides in the sediments, is considered

as offering a highly efficient method for removing phosphorus from the

lake system.

Most other constituents, in addition to phosphorus, are efficient-

ly removed from the system by diked disposal as opposed to direct dump-

ing in the lake. Included in this removal are oxygen-demanding substances,

general turbidity, debris, oil, and heavy metals. KJeldahl nitrogen at

a comparatively low 93 percent removal (Table 6) is still efficiently

retained.

SUMMARY CONCLUSIONS

The conclusions whtch follow are based only upon the Investigation

of the Cleveland Pilot dike. The diked area was small and the rate of

disposal was low. Had the area been filled with dredged material, It

51



is likely that some additional conclusions might have been drawn.

The dike was very effective in the containment of dredgings. More

than 99 percent of nearly all measured constituents were retained.

General water quality changes due to diked disposal in the Cleve-

land outer harbor could not be detected except In the vicinity of the

dike. Changes due to other causes, such as river and sewer discharges,

are Infinitely greater.

Pumping the dredgings directly from scows Into the diked area

caused little or no disturbance to the harbor environment.

Dumping sediments into the slip and pumping them from there into

the diked area caused a marked disturbance of water quality In the

vicinity of the slip. Tug propellor wash greatly reinforced the dis-

turbance. The effects were measurable to some degree in sediment and

water chemistry and benthic biology, and degradation was indicoted.

Aerobic conditions and relatively good water quality within the

diked area before disposal were transformed rapidly into anaerobic and

noxious conditlons shortly after disposal began. Water constituents

such as dissolved solids rose to high concentrations and leveled off

after two or three weeks of disposal.

High porosity of the dike allowed no measurable head to be devel-

oped within the diked area and thus the dike probably did not have a

great filtering effect, except in the retention of floating debris and

oil.

Heads were developed both Inside and outside the dike due to normal

lake level changes. Flow through the dike exceeded flow from disposal

pumping most of the time. These lake level induced flows may have
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diluted concentrations within the dike by some unknown amount, presum-

ably small.

A portable treatment plant was effective in removing constituents

from the diked water. Coagulation, with filtration and chlorination,

was most effective. Filtration only was least effective.

Constituent concentrations In the diked water were less during

the second method of disposal, probably attributable to the greater

quantities of pumping dilution water used. Total effluent loads were

essentially similar for both methods.
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WORKING DRAFT
to 63 itD,

IRECOMMENDATIONS

The pilot dike demonstrated a remarkably high efficiency in con-

tainment of dredged materials. It Is therefore recommended that

Cuyahoga River dredgings be entirely disposed of in a similar manner.

Further recommendations are as follows:

I. A diked area should be filled to above lake level as quickly

as possible to prevent leaching of unwanted constituents from

the sediments at the sediment-water interface.

2. A disposal area with effluent reaching the lake should be

filled utilizing, as long as possible, the diked water as

dilution to facliltate pumpihg of materials. This will sig-

nificantly reduce effluent quantities.

3. Sediments should be transferred directly from the transporting

unit Into the diked area If pos$lble.

4. During the later stages of filling a diked area when detention

time becomes very low, treatment by at least coagulation may

be required to maintain effluent quality.

The above recommendations apply only if dredglngs are to be dis-

posed of within a diked area draining to tne lake which appears at

present to be the most feesib I.

The Cleveland outer harbor dredgings do not appear to be completely

acceptable for dumping into the lake. Unless their quality Improves it

Is likely that contained disposal will be recommended In the near future.

In the Interim It is recommended that they be dumped in the lake at

least ten miles from shore In areas (mud) of greatest similarity In
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present properties. It Is further recommended that the practice of

dumping dredginy;, In the dumping grounds adjacent to the lake side of

the harbor breakwall be Immediately discontinued for ail river and

harbor sediments. Dumping In this area Interferes with several water

uses and Is esthetically unpleasant. In addition It is changing a

natural sand and gravel bottom to relatively noxious mud over an In-

creasingly wider area. These muds tend to Increase turbidity In the

Cleveland nearshore area, smother desirable bottom fauna and some may

even return to the harbor.
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T - P~o'c Rivca' Pio.c , Su, y w,,c conducted Lo determine the degree and

o:: :o-. oI "ollution cnused b,,, the dredging overations on the Rouge River

.... . :'ocitd & -'; of the dredged m.tericd on to Grassy Island.

The results of the study include water quality measurements in the Rouge

::ud D: River. d '.xing the period of dredging, chemical characteristics

of t.he lindisturbed and dred:ged bottom sediments,. water quality of discharges

from the duLping grounds, and the quality of water found in the Grassy Island

wells.

The quality of industrial and municipal discharges during the study

and vrr!.ations in flow characteristics of the Detroit and Rouge Rivers

du-ir4; the same period were not deteanined. K)
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SUMMARY

1. Both the undisturbed and dredged Rouge River bottom sediments are

grossly polluted, containing high concentrations of oil, iron and vol-

atile solids. (pages 7-15, 95 and Q6)

2. The dredging operation causes significant increases in concentra-

tions of suspended solids, COD, BOD, total phosphate, volatile suspended

solids, and iron in the immediate vicinity of the dredge. (pages 94 and 97)

3. The most severe pollution caused by the dredging operation was

observed during the overflow of the hopper bins. (pages 45-4e)

4. Decreased transparencieb were observed in the dredging area for up

to an hour after the passing of the dredge. (pages 45 and 48)

5. Decreases in the dissolved oxygen concentration were observed in the

dredging area after the dredge had passed. (pages 45 and 48)

6. Levels of polluting constituents decreased substantially at a distance

one-half mile downstream from the drvdging activity. (pages 94 and 97)

7. Detention of the homogeneous dredged material in the hopper bins

provided for 4T% solids removal before overflow. (pages 95 and 96)

8. Water quality changes in the Detroit River could not be attributed

to either the dredging or disposal operations. (page 94)

9. The seepage rate from the Grassy Island dumping grounds is low.

(page 98)

10. The Grassy Island pond acts as a stabilization and settling pond.

(page 98)
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INTRODUCTION AND BACKGROUND

The Rouge River rises northwest of Detroit and flows southeasterly,

emptying into the Detroit River at a point 19 mnle' norch cf Lake Erie.

The lower 3.5 miles :f the river lies in an area dominated by heavy,

industry. Allied Chemical Corporation, American Plricultural Chemical

Company, Darling and Company, Ford Motor Company, American Cement Cono-

oration, and Scott Paper Company have outfalls on the Rouge River which

discharge iearly 500 million gallons of cooling and process water each

day. Principal waste constituents discharged are: iron, oxygen-demand-

ing substances, bacteria, suspended solids, oil, pickle liquor, phenols,

chlorides, cyanides, toxic metals, and armnonia. In additon, the Detroit

sewage treatment plant discharges over 500 MGD of primary effluent into

the Detroit River near the mouth of the Rouge River. There are also

numerous stormwater outfalls which discharge into the Rouge and Detroit

Rivers. An overflow can be considered to occur for all rainstorms

greater than .2 inches total precipitation per day. The record of daily

preciipiction reported at Detroit Metronolitan Airport is shown in Table 1.

The main sources of nollution on the Rouge and Detroit Rivers are

discussed in detail in the "Proceedings of the Conference in the Matter

of Pollution of the Navigable Waters of the Detroit River and Lake Erie

and their Tributaries in the State of Michigan, Second Session June 15-1,

1965." Industrial wate, cutfalls are shown in Volme 1, nage 2171A, and

the average concentrations of the waste constituents are listed in Volume LI,

pages 374, and 375. The se*,ar-e nlant outfalls and s~ormw;ter overflo :c

are shown in Volume 1, pnge 226, and the sutomnrz, of the Domestic '-aste

Survey l.
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Tnclc I

r- m o'a'. 1 0
7, e Co i t a I n ch e s)aprcC Initatio5

W,, D(t !e . . utva1ent, Inches)
197

1 Cct. Nov. 3.9 0

"trace 0c 0 Nov. 20 0

C':C- Oct. 7 01 Nov. 21 .13

~ o ~ C ~C2Nov. 22 .1)."" •Ot. $1.02 N,. C •

.c.203 Nov. 23 trace
0Cc. IC .01 Nov. 24 0

", .... C .c ct. iu trace Nov. 25 trace

- .12 Cc,_ 12 0 Nov. 26 trace.,2 CC traceS.... " • " •. ceOct. 13 .0C8 N ,.

/ )L- Cc 14 trace Nov. 28 .03
0 1 .. . 33 No'. 29 trace

.C *Oct 16 .39 Nov. 30 .02

e 2 C MOct. 17 1.70 Dec.-
C Oct. 18 .01 *Dec. 2 .73

c t. 1 Oct. 19 trace Dec. 3 .05

Oct. 20 0

7 Oct. 21 0

e. S Oct. 23 0

et.9 - Oct. 24 .03
Cept. 10 0 Oct. 25 trace
Sept. ii 0 Oct. 26 trace

Sept. 12 0 *Oct. 27 .54
Sept. 13 0 Oct. 28 trace
Sent. 13 0 Oct. 29 0
Sent. 15 C Oct. 30 0
Se. . C c t . 31 .02

3ent. 17 0 *uov, 1 .85

Sent. 13 0 11ov. 2 .18

SeCt. 19 trace *ov. 3 .49
Sent. 20 .07 N'. 4 .02

* Sent. 21 1.20 lNov. 5 .0).

Sept. 22 O Nov. 6 trace

Sept. 23 trace Nov. 7 trace

Sent. 24 trace Nov. 8 trace

Sept. 25 0 Nov. 9 0

Sept. 26 G Nov. 10 .05

*Sept. 27 .22 .11 .26
Se-t. 28 .04 Nov. 12 .02

*Sent. 29 .30 Nov. 13 .O4

Sent.- 30 .13 Nov. 14 .11
Oct. 1 I Nov. 15 0

Oct. 2 0 lNov. 16 0
Oct. 3 O *ov. 17 .34
Oct. 3 0 Nov. 18 .11

*probable stormwater overflOws
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is shown in Volume II, pages 363 and 364.

Continual accumulation of bottom sediments from effluents discharged

to the iRouge River and from natural runoff necessitates annual main-

tenance dredging of the naviagotion channel in the lower river. Each

year, a U.S. Corps of Engineers' hopper dredge removes over 100,00

cubic yards of bottom sediments from the Rouge River. The following

trble indicates the dredging activities which have been undertaken in

the Rouge River in the last six years. The bin volume is the amount

of sludge actually deposittd on Grassy Island from the dredge. The

place volume indicates the amount of undisturbed material removed

from the Rouge.

Corns of Engineers
Maintenance Dredging

Rouge River

1962-1967

Bin Volume Place Volume
Dredging Period (cu. yds.) (cu. yds.)

Octoter - December 1962 148,000 95,000
Seotember - December 1963 160,OOO 102,000
Seotember 18 - December 17, 1964 253,000 1T1,000
October I - December 17, 1965 209,000 125,000
Seotember 26 - December 17, 196( 281,0OO 119,000
August 25 - November 16, 1967 342,00Q 222,000

The Grossy Island dumping grounds, covering an area of 80 acres, is loc-

ated on the American side of the Detroit River approximately four miles

south of the mouth of -he Rouge River. Grassy Island was formerly a low

':tr.•p area at a-)proximately river level. In 1960, the Coros of Erni-

neers compLeted construction of an earth dike of clay material approxi-

mately 6 feet hign around the porimeter of the i~land to contain the spoil

6
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i'rumn Rouge Rivc- urigng AS flue) cO,-ltCr'ztp' tsn-re 1.no ow-rl-ow w-eir.

There isý however, c. v-nlveui irfain )Ine w.hi-ch Ir V-sct .0 cr..-<or

týhe d!rcd i, wit Lo h rs -e,' --Otr !rs ½e2hto Cd~tnt,

the islcand, the dred.-.'. ua .- 1-ado) the inflo--. v:; -nod it.s lnr'd

wcs ;uinned on to the slit n Lro t n bcranch of the Y-shencl-1 minin.-

system. (shown in. Pi-. rri T) kfar .u ncti. th ::ed; ret1rne::.to

the Rouge River to re-neat T-he cycle.

I. INVWESTIGATIOK P-9CEDUaRE2 AIdDtT

Drcdr~n Si' -n Roge r.-Cive r

Characteristics of' UndistLurbed Bottom Sedimenits

in order to determine the characteristics Of -.he ditre

bottom sediments, sl-e.dge oanls ;re collecLed writh the Petersen dredgo'-;

along the leng:th of' -'nohe 1;r orior tc ',he eorz',encementý oDf the

dred-,inC onersýoinn. Forei cnlswere colleceI cC in th'e majin stem

of che Rouge from, Fard no Comnany turxnin oi, the moat'h of the

Shortý-cut Canal. Twelve raddi'tional botUtom sediment sa:mp-les vere collectýed

in the Old Channel of tho Bongo. The samplingC st.-.ioCs are shown. in

Fig-ure 2 and the reutsz'L Thc a!nalysis of týhe lu as shown in

Table 3.Exolamat-ien -.'L the naeilnod descr.'intins listed in Table3

ic~~~~~C Ivno r-e n



DETROIT POOGRAM OFFI~C
LOCATION OF SAMPLING POINTS

UNDISTURBED BOTTOM SEDIMENT SAMPLES
1967

ROUGE RIVER

U~. . UC9A III EWT of, THE IlHigAifol *94
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Dcýcrintion of Bnttorn Maerial.

Thc descrintions of b't cm materials are listed in Table 2.

The sediMer.niz were classified as follows:

0...c: soft,fine, decayin.- organic material.

3ludge: (clay, silt, mud or organic material): non-gritty

mnterial of nc.ural or unn3tural origin.

Sand: gritty particles up to 1./25" in diameter

Gravel: 1/25" to 1/ 4"

Pebbles: 1/4" -c 2"

Stones: 2" to 10"

I

Nil

- - -tr -



Table 1
Qunaitative Dese .'ptions of Odors*

FWPCA, DPO, 1967

Ccde Nature of Odor Descri_-tion (Such as Odors of:)

,..rontic (spicy) camnhor, cloves, lavender, lemon

c cuctber

r! Balsarnic (flowery) geraniim, violet, vanilla

B9 geranizam AsterioneJ.la

Bn nosturtiim Aphanizomenon

Bs sweetish Coelospheerium

BV violet Mallomonas

C Chemical industrial wastes or treatment chemicals

Cc chlorinous free chlorine

Ch hydrocarbon oil refinery wastCe

Cm medicinal phenol and lodoform

Cs sulfuretted. hydrogen sulfide

D Disagreeable (pronounced, unpleasant)

Df fishy Uroglenopsis, Dinobzlon

Pp pigpen Anabeena

Ds septic stale sewage

Z aarthy damp earth

E- peety peat

G Grassy crushed grass

1 MA, sty decomposing straw

rmold 1 da.mp cellar

V Veetab1e root vegetables

-*otnard Methode of Examinnttion of Water & Wastewater, l1th Edition, p. 255

10
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Dredged Sludge (Intake and Overflow)

In order to determine the characteristics of the dredged sludge, samples

were collected from the intake of the hopper dredge. The material, as it

flowed with varying consistency into the hopper from an inflow chute, was

collected with a metal bucket suspended from a rope. Samples collected

after October 12 were composites of the inflow from both side of the

dredge.

Samples ,ere also collected from the overflow material. These samples

were collected with a metal bucket at the edge of the hopper as the material

overflowed into the river. The results of the chemical analysis of both

the intake and overflow material are shown in Tables 4 and 5. The con-

clusions regarding the dredged sludge are discussed on pages 95 and 96.

13
11
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Dredging Operation

The study of the dredgLng operation was conducted to determine the

pollutional effect of dredging, on the water quality cf the louge and

Detroit Rivers. Water quality changes caused by dredging operations

must be distinguished from changes occurring as a result of changes in

effluent of the numerous pollution sources.

Station T15 (Jefferson Street bridge) and Station T18 (Fort Street

bridge) on the Rouge River and R139 and RI42 (on range DT 19.0, 100

and 400 feet from U.S. shore, respectively) on the Detroit River were

sampled at mid-depth each week to determine water quality at these

fixed points as the dredging proGreesed downriver. These stations

are shown on Figure 3 and the results of the analyses as related to

the position of the dredginG operation are listed in Table 6

Water quality determinations of mid-depth samples were also made

in the vicinity of the dredging operation. Samples collected in the

stirred-up material about 50 feet behind the dredge dnxing hopper over-

flow were analyzed to determine the worst condition created by the

dredging. The sample collected 1/4 mile upstream reflects the water

quality of the river unaffecte. by dredging. The analysis of the

sample collected (1/4 mile and 1/2 mile) downstream shows the extent

of -,he nollution. T'he results of the analyses are shown in Table 6

16
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DETROIT PROGRAM OFFICE

DREDGING OPERATION
ON OCT. 19, 19674D

TYPICAL SAMPLING PATTERN
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Trans--,renc.: _:d Dissolved 0:,:.'7,en Meesurements

C.: :irec coccasions, spec-ial field studies were conducted in the -v,,cin-

-he r' ~n edgý;n~w cl~arttinr.. Before Týhe arriVo2. of the dred[ge the ffeld

C2OvI'cordec. zrnns-'Lrenc;!, (cecchi disc, inches) and dissolved oxygen. read-

i r every 300) feet- Ion,ý -,he estimated path of the dred-inS operatio-n.

-fe; ;i -- e T-rINI¾T rez,,ýrned -Lo -he R~ouge, the Fr.TPCA boat followed the dred-Ge

diswnce of o-p oxLYately 100 feet. Transparency and dissolved oxygen

r *-' srow -cnder the direct influence of the dredg-ing operation, were re-

corded everý: 300 feet as Leforc. The results of the uaey(pre-dredgeinj

cndý diarin-; dredgir.;) for S n-euaber 18, 1967, is shown in Figure ~4 . Sur-veys

or. Oc..ThI-er 2 and N~ovember 9 showed sirail~r Transparency results.

"The results of all tuhr-c F: rv-eys showed that the average transpsrency,

beorno dred-intC wes slijtly greeter than the trens..arency d, ing the dredg,-

ijog operallion with no overflow. ALfter overflowr occurred substantial decrease.'I

in -zrr~nsnarency were notUed. The average secchi disc readings during the

th'ec -;h-ses P're chovwn in Fi-,ure 5.

lleosuzrementc of dissolved oxygen were made simultanreously with the secchi

disc rez~dinags. The res-alts in Figure 5 show no significant imediate chanige

.inr dissolved oxygen level ca a result, of the dredg;ing- operation.

The transparency and dissolved oxygen were alsao measured at time in-

ter.vals ,it a narticuler point on the dredging path. S±ignficant decreases

in tUransnerenc, were noted When the overflowing dredge passed. The trans-

-?zre ac:: of the water returned to its pre-dredging val-ue after varied time

ueri.cds. (see Fig-ure 6 ). The dissolved oxygen levels declined after

"'! cirC.ýe *oaesed cs sho'.rn iLn Figure 6
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TRANSPARENCY AND DISSOLVED OXYGEN
MEASUREMENTS

ALONG DREDGING PATH

20 Pwpc DPO

N. P.

-- BEFORE DREDGING

0 A DURING DREDGING
NO OVERFLOW (BEHIND DREDGE)

/ DURING DREDGINGLI WITH OVERFLOW (BEHIND DREDGE)
z

o VALUES ARE AVERAGES OF MEASUREMENTS I
TAKEN AT 300 FOOT INTERVALS

"5 Vi
AVERAGE TRANSPARENCY

Ir
p.

0(

100 z

/ MEASUREMENTS TAKEN AT

Sf_ A DEPTH OF 4 FEET

U

- A

AVERAGE DISSOLVED OXYGEN

4Tt



20 via A _40fuan 0

MEASUREMENTS AT A POINT IN DREDGING PATH

I/ DREDGING AREA

/ MP 8 1.03 to 2.94

0 0 SEPT. IS, 196T
/ MILE POINT 2.81

S& p,--TRANSPARENCY ISECCHI DISC, INCHES)$ -*- - -- - -- -" '-- - -- - ---"- - -- -

IZZP DREDGE PASSED (OVERFLOW)

0 20 40 go s0 100

Is

10~ TRANSPARENCY o

O REDGE PASSED I• _ •J0 DREDGING ARE;A

(NO OVERFLOW) 0 0 MPa IS7 to 2.74

(OVERFLOW) ' OCT. 2, 1ID?
MILE POINT I1,?

0 I . .I . p

0 20 40 6O so 100

20

IS "-V-TRANSPARENCY

* 10, DREDGING AREA
lo MP s 0.64 to 1.45

10 NOV. 9, 1"?7
MILE POINT 1.41

I - -

- - DISSOLVED OXYGEN

u DREDGE PASSED IOVERFLOW)

0 to 40 60 80 100
TIME (MINUTES) AFTER INITIAL PASS OF DREDGE

S1.8 -__ _ ,_ _ _ _ _ _ _



Obscw ions

--le mosz scvcre .)olluL-ior cv.',sed by the dred,ýimn o-)eration nonnnr-

e(ý "o occ-Ar duriri.- ',he uverf'lcow of T6he ho-pper bins. :.tu this time, the

Ii C loftý ri trcail of t'-z~bdi~y and smrfacc oil often e~ctendinC to0 15'

feec. in vwidth. The drccQI-±-in o-?eration Drior to overflow-, caused minor,

d~i~:bznesobaervable a,; the surface from the -iperation of the dra~zs.

-,bc'c2.c -..,re observed risin-' to the surface occesionally bringing- u.m

n -i--h- oil film. Thc bu.bbles w.,ere probably gases released from the

t'r~e:bco r~onic decompýosition-x in the bottom material. However, the

-,ro-~eller raction of net only the HOFFMAN bull also rassirig freirhters

aobser'ed to stir u-) the bottom sediments to create turbid areas.

F~o lecakage was obser-ved while the dredge was in transit to Grassy

lslanrd and no significnnt leakage occurred a~t the inflow hookup during

the vrnlocdi.-v oneration.
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B. Dumping Grounds - Grassy Island

Effect of Dumping Ground on Detroit River

A water quality study was made of the Detroit River immediately

downstream from Grassy Island. Three stations (R37, AlI, and IA3;

600, 1100, and 2300 feet from U.S. shore, respectively) on range DT 14.6

(less than 3/4 mile south of Grassy Island) were sampled at aid-depth

weekly to detect changes in water quality during the period of the dump-

ing operation. The results of the analysis of the samples are shown in

Table 7. The City of Wyandotte water intake in also located south of

Grassy Island as shown in Figure 7. The results of the routine analysis

of this city's raw water before treatment and distribution are shown

in Table 8.

Seepage Through Dikes

Seven wells were installed at points along the circumference of

the dike to determine the amount of seepage through the dike into the

Detroit River. The well holes were hand drilled into the dike the

depth required to reach the water table. A six-inch casing with a well

screen (approximately 3 feet in length), attached at the lower end,

was then dropped into the hole. The hole surrounding the pipe was then

backfilled and the casings were covered with a threaded metal cap to

prevent contamination of the well. Each well was pumped the day before

samples were to be collected. On the sampling day, the coliforn samples

were first collected with a J.Z.bacteriological sampler and then the chami-

cal samples were collected with a Kemmerer depth sampling device. A au-

face sample was also collected from the Grassy Island pond at the point

as shown on Figure 7. The results of the analyses of well and pond

samples are shown in Table 7.
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Table 8

City of Wandotte
Iilter Plant Records

FPCA, DPO Rev Water Analyses
1967

C1 DES ACJTY COLI• ..O.
7 3 14PvN1100 =I

8-21 6 -4, 300
8-22 6 12 80 15,000
8-23 7 . . ,4300
8-24 8 11.5 80 4,*300
8-25 8 . . 4,300
8-26* 7 14 78 3,900
8-?7 6 - - 2,300
8-28 7 12 80 7,500
8-29 7 - 2,300
8-36 * 7 12 80 4,300
8-31 9 - - 210

9-1 10 11.5 80 2,400
2 7 - - 930..-3 6 11 80 4,600

9.4 6 - 4,600
9-5 6 12.5 80 930
9-6 7 - -, 400
9-7 6 13 80 4,6oo
9-8 6 - - 2,40o
9-9 6 12.5 80 2,400
9-10 6 - - 2,400
9-11 12 11.5 81 750
9-12 14 - - 11,000
9-13 11 11.5 78 750
9-14 10 - 3,900
9-15 7 12 80 9, 300
9-16 7 - 24,000
9-17 7 11.5 78 110,000
9-18 7 40,300
9-19 6 12 80 4,300
9-20 6 -4,300
9-21* 7 12 82 2,300
9-22 7 - 46,000
9-23 7 12.5 80 24,000
9-24 7 - - 24,000
9-25 7 11.5 82 1,200
9-26 8 - - 2,400
Q-P7" 8 10 80 24,000

.2d. 13 -9, 30 9
9-29" 32 11 82 4,300
0-30 39 - 4, 300

*Probable Stormwater Overflow
r arssy :s'and Overflow Pipe Ope-i 78



Table 8 (cont.)
City of Wyandotte

Filter Plant Records
FWPCA, DPO Rav Water Analyse.1967

10-1 18 10 78 4,300
10-2 13 , -?,300
10-3 12 10 82 2,300
io-4 10 - - 4,300
10-5 15 10 82 9,300
lO-6• 14 - 75
10-7# 18 11 80 4, 30010-8-# 2.4 - 9
10-9# 22 19 80
10-10 20 - 3, '',0
10-11 14 20 B0 4,300
10-12 12 - 2,300
10-13 13 20 80 4,300
10-14 11 - 2,300
10-15* 12 11.5 80 9,300
10.16* 19 - - 110,000
10-17* 17 1 80 9,300
10-18 12 - -46,000
10-19 11 12 80 15,000
10-20 11 - 24,000
10-21 12 12 80 2,300
10-22 11 930
10-23 11 8.5 80 9,300
10-24 11 - 224,000
10-25# 15 11.5 82 2,300
10-26# 16 - 2,300
10-2T#*' 28 9.5 80 4,300
10-28 36 - 2,300
10-29 1T 10 80 J4, 300
10-30 18 , -4,300
10-31 35 8 80 3,900

11-1* 31 - 2,300
11-2 28 9 76 Ii•, crc
11-3* 19 - - 4,300
11-4 11 11 80 9,300
11-5 10 , ,
11-6 12 12.5 80 110,000
11-7 12 - 4,300
11-8 14 12 80 4,300
11-9 13 - .1300
11-10 13 12 78 3,900

*Probable Stormwater Overflow
#Grassy Island Overflow Pipe Open

T9.



Table 8 (cont.)
City of WyanMotte

Filter Plant Record1e
NPA, D)O ftv Water Aalyses

1961

-TURBX CHL RIMS =CAL=TY COLIF•M4
DATE UITS mg/l m/1, Wl00oO ml

1i-11* 11 " 9,300
11-12 14 12.5• 80 h 0

11-13 16 - - 1,500
11-14 14 14 7T 930
11-15 17 . - 4,600

19 10.5 82 430
11-17* 28 - - 9,300
Ii-18 17 12.5 78 4,300
11-19 15 - 4,300
11-20 14 6 80 4,300
11-21 14 - 4,300
11-22 11 6 80 9,300
11-23 12 . - 4,300
l1-24 12 10.5 80 930

11-25 9 - - 1, 500
11-26 9 7.5 80 4,60o
11-2T# 10 - 930
11-25# 12 8 80 750
11-29# 8 - - 2,4oo
11-30# 11 8.5 8o 2,400

12-1# 28 10 94 15,000
12-2*# 21 - 3,900
12-3# 21 21,000

*Probable Stormwater Overflow

ý,'Grassy Island Overflow Pipe Open
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'cr2!, 2W ndLe2c

OC October 2, 3, und l, the field crew renormed overflow of the

,,r: sz- Island dike at oinrts or. the north and east side of Grassy Island.

".2-)loz Cf the cvcrficw were collected on October 3.

three cccasions, -n overflow pipe (eaproximately 21 inches in

diarnetor) located on the west side of the islnnd (see Figure 7 ) was

oer(:ed to drnin the accr.unated supernatent liquid. During the discharges

which coeenced on October 25 and November 27, samples were collected with

di•v sampler directly from the overflow. Some leakage did occur even

when the overflow -inc was sealed with a metal plate. Results of the

~naly.ses of dike overflow, leakage throuch overflow pipe, and the discherge

.hro ch the overflow nine are shown in Table 9
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T

Observations

The extent of the filled area inside the dike, as determined by a

survey conducted on September 6, is shown in Fig-ire 7 • By September i.,

the sludge had extended to the dikes on all sides and the depth of the

material accumulated inside the dike began to show a noticeable increase.

A Belfort recorder was installed within the diked area to record these

changes in water level as the dredging progressed. Similar recorders

were installed :n the Detroit River, at well #3, and at well #5. The

Belfort records along with weekly observations and measurements per-

formed by the field crew are presented in Figure 8 On October 2, 3,

and 4 the field crew reported overflow of the dike on the north and

east sides of the island. Samples of the overflows were collected on

October 3 near wells 6 and 7. On October 6, the overflow pipe was

opened and an estimated 13 million gallons of supernatent drained into

the Detroit River during a i8-hour period. The overflow pipe was also

opened on two other occasions as previously discussed (October 25

and November 27). Even when the overflow pipe was sealed with a metal

plate, leakage (estimated at less than .1 cfs) was observed.
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C. Past Records

Date collectid by various agencies at DT l4.6W between 1963 and

1907 were divided into two groups: dredging and non-dredging periods.

The everage temoerature, phenol and chloride concentrations and median

coliform der.Eities measured at five stations on Dr l4.6W are shown for

dlredgin, end non-dredgtng periods since 1563. (See Table 10)

Anhlytical statistical results* during the 1963 non-dredgirg

neriod for stations R139 and R142 (on Detroit River range DT 19.0) and

T15 (on the Rouge River) are given in Table 11 . Phenol and chloride

concentrations for 1963 appear higher than 1967 Pilot Study results

while coliform densities are lower.

"*Detroit River Lake Erie Project, U.S. Public Health Service
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Table 10
Statistics of Water Quality

rVWA, DPO Dredging & Non-Dredging Periods

Detroit River
R ane: DT14.6w
Station: R36 (400' from U.S. Shore)

Temp Phenols Cl. Tota Coliform*
0-_ug g/i MF/100 mi

1963 Ave. 12.2 6 19 3100
Dredging Max. 20.5 8 20 3200
Period Min. 3.0 4 19 600

N.S. 3 3 3 3
1963 Ave. 13.6 8 21 2750
Non- Max. 26.0 23 32 520,000
Dredging Min. 6.0 1 15 560
Period N.S. 14 6 8 14
1964 Ave. 15.0 9 - 31,100
Dredging Max. 18.0 14 - 60,000
Period Min. 12.0 3 - 2200

N.S. 2 2 2

1964 Ave. 22.8 4 97,500
Non- Max. 25.5 7 - 290,000
Dredging Min. 19.5 0 - 1000
Period N.S. 6 6 . 6

1965 Ave. - 7 15 4,000
Dredging Max. - 7 16 6,700
Period Min. - 6 14 1,300

N.S. - 2 2 2

1965 Ave. 13.1 3 i4 4,750
Non- Max. 18.0 6 14 120,000
Dredging Min. 7.0 0 14 300
Period N.S. 4 7 1 8

1966 Ave. 12.2 4 20 1,600
Dredging Max. 15.0 ii 23 2,500
Period* Min. 8.0 0 15 900

N.S. 3 3 3 3
1966 Ave. 18.1 6 22 3,300
Non- Max. 24.0 11 44 5,500
Dredging Min. 9.0 0 14 < 300
Period N.S. 7 6 7 7
1967 Ave. 12.2 7 19 15,000
Dredging Max. 15.0 10 23 22,000
Period Min. 9.5 4 14 7,400

N.S. 2 2 2 2

1967 Ave. 15.0 8 16 13,000
Non- Max. 22.0 18 19 120,000
Dredging Min. 9.0 < 1 12 3,300
Period N.S. 5 6 6 6

*Median (not average) shown for bacteriological data
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Table 10 (cont.)
Statistics of Water Quality

FMPCA, DPO Dredging & Non-Dredging Period&
Detroit River

Range: DT14.6W
Sa.ton: R38 (86W' from U.S. Shore)

Temp Phenols Cl. Tot4 Coliform*

1963 Ave. 12.2 3 12 2800
Dredging Max. 20.5 6 13 4500
Period Min. 3.0 1 11 500

N.S. 3 3 3 3

1963 Ave. 13.3 6 15 2000
Non- Max. 26.0 16 17 440,000
Dredging Min. 5.5 0 10 200
Period N.S. 13 6 9 13

1964 Ave. 15.3 4 - 12,950
Dredging Max. 18.o 8 - 25,000
Period Min. 12.5 0 " 900

N.S. 2 2 - 2

1964 Ave. 22.6 4 - 47,500
Non- Max. 25.5 9 - 290,000
Dredging Min. 19.0 0 - 3,000
Period N.S. 6 6 " 6

1965 Ave. - 5 13 24,500
Dredging Max. - 5 13 48,000
Period Min. - 5 12 1,0oo

N.S. - 2 2 2

1965 Ave. 12.8 3 13 3,950
Non- Max. 18.0 4 13 59,000
Dredg•ing Min. 6.0 0 13 1,200
Period N.S. 4 7 1 8

1966 Ave. 12.2 2 14 I,40o
Dredging Max. 150. 5 15 1,4oo
Period Min. 8.0 0 13 400

N.S. 3 3 3 3

1966 Ave. 18.0 6 15 1,000
Non- Max. 24.0 9 23 9,300
Dredging Min. 9.0 0 12 < 300
Period N.S. 7 7 7 7

1967 Ave. 12.5 6 15 13,000
Dredging Max. 15.5 10 18 18,000
Period Min. 9.5 2 12 7,100

N.S. 2 2 2 2

1967 Ave. 15.0 9 14 4,600

Non- Max. .22.0 19 15 140,000
Dredging Min. 9.0 1 12 2,000
Period N.S. 5 5 6 6

*median (not average) values shovn for bacteriological data
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Table 10 (cont.)
Statisti:s of Water Quality

FWPCA, DFO Dredging & Non-Dredging Periods
DeI- "it River

Range: iy1, 6w
Station: R40 I1000' from U.S. Shore)

Temp Phenols Cl. Total Coliform*

1963 Ave. 12.3 4 12 1800
Dredging Max. 21.0 8 18 2200
Period Min. 3.0 1 9 1100

N.S. 3 3 3 3

1963 Ave. 13.2 4 19 1100
Non- Max. 26.0 11 54 380,000
Dredging Min. 5.5 1 12 160
Period N.S. 13 5 9 13

1964 Ave. 15.0 5 - 9,850
Dredging Max. 17.5 5 - 19,000
Period Min. 12.5 4 - 700

N.S. 2 2 - 2

1964 Ave. 22.5 3 - 43,500
Non- Max. 25.5 5 - 260,000
Dredging Min. 19.0 0 - 1000
Period N.S. 6 6 - 6

1965 Ave. - 4 1 19,250
Dredging Max. - 4 12 38,000
Period Min. - 3 9 500

N.S. - 2 2 2

1965 Ave. 12.5 3 13 3,050
Non- Max. 17.5 13 13 58,000
Dredging Min. 6.0 0 13 600
Period N.S. 4 8 1 8
1966 Ave. 12.0 2 13 4M0
Dredging Max. 15.0 4 14 1,200
Period Min. 7.5 0 12 200

N.S. 3 3 3 3

1966 Ave. 17.9 5 14 1,400
Non- Max. 24.0 9" 20 4,300
Dredging Min. 8.5 0 12 360
Period N.S. 7 7 7 7

1967 Ave. 12.5 6 13 7,400
Dredging Max. 15.5 9 i4 8,2oo
Period Min. 9.5 3 12 6,700

N.S. 2 2 2 2

1967 Ave. 15.0 7 13 3,700
Non- Max. 22.0 14 15 < 150,000
Dredging Min. 9.0 < 1 8 250
Period N.S. 5 6 6 6

*Median (not average) values shown for bacteriological data
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Table 10 (cont.)
Statistics of Water Q' :PWPCA, DPO Dredging & Non-Dredging Periods

Detroit River
Range: DT14.6w
Station: R42 (2000' from U.S. Short)
Temp Phenols Cl. Tot i4 Colifor

1963 Ave. 12.0 2 9 14ooDredming Max. 20.5 3 10 1900Period Min. 3.0 1 8 1400N.S. 3 3 3 3
1963 Ave. 12.8 2 19 1200' Non- Max. 25.5 4 47 200,000Drede ing Min. 5.0 0 10 80Period N.S. 13 5 8 13
1964 Ave. 14.8 5 - 3,950Dredging Max. 17.5 5 - 7,600Period Min. 12.0 4 300

N.S. 2 . 2
1964 Ave. 22.4 3 - 58,000
Non- Max. 25.5 7 - 620,000
Dred.-ing Min. 19.0 0 . 2,000Period N.S. 6 6 -6
1965 Ave. - .3 9 1,750DredZIrng Max. . 3 10 43,000
Period Min. - 3 8 500

N.S. . 2 2 2
19C5 Ave. 12.4 3 12 2,250Non- Max. 17.5 7 12 27,000Dredging Min. 5.5 0 12 310"Period N.S. 4 8 1 8
1966 Ave. 11.8 4 10 500Dredging Max. 14.5 9 i 1,100Period Min. 7.5 0 9 500

N.S. 3 3 3 3
1966 Ave. 17.5 3 12 900Non- Max. 23.5 9 17 9,300Dredging Min. 8.0 0 10 <300
Period N.S. 7 7 7 7
1967 Ave. 12.0 2 10 3,200)redgi Max. 15.0 2 11 3,900Period Min. 9.0 2 10 2,400N.S. 2 2 2 2
1967 Ave. 14.7 7 U2 1,600Non- Max. 22.0 13 14 > 150,000Dredging Min. 8.5 3 6 < 30Period N.S. 5 6 6 6

*Median (not average) values shown for bacteriological data
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Table 10 (cont.)
Statistics of Water Quality

MMCA, DFO Dredging & Non-Dredging Periods
Detroit River

Range: DTr.4.6w
Station: R44 (3000' from U.S. Shore)

Temp Phenols Cl. Tota4 Coliform*
0 C ugh1 Mf M100 ml

1963 Ave. 3.. 2 9 600
Dred.7'.a Max. 20.0 4 10 1300
P.rlod Min. 3.0 0 8 420

N.S. 3 3 3 3

1963 Ave. 12.5 2 13 420
Non- Max. 25.5 6 33 50,000
Dredging Min. 4.5 0 7 10
Period N.S. 13 5 9 13
1964 Ave. 14.5 5 - 1,100
Dredging Max. 17.5 7 - 1,800
Period Min. 11.5 3 - 400

N.S. 2 2 - 2

1964 Ave. 22.3 2 - 31,500
Non- Max. 25.5 5 - 220,000
Dredging Min . 19.0 0 - 1,200
Period N.S. 6 5 - 6

1965 Ave. - 3 9 1,850
Dredging Max. - 3 9 3,4oo
Period Min. - 2 9 300

N.S. - 2 2 2

1965 Ave. 12.0 3 Ii 1,550
Non- Max. 17.5 8 11 16,000
Dredging Min. 5.0 0 13 90
Period N.S. 4 8 1 8

1966 Ave. 11.7 0 9 200
Dredging Max. 1l4.5 1 10 300
Period Min. 7.5 0 9 200

N.S. 3 3 3 3

1966 Ave. 17.4 2 12 500
Non- Max. 23.5 9 18 4,300
Dredging Min. 8.0 0 9 < 300
Period N.S. 7 7 7 7

1967 Ave. 12.0 3 12 320
Dredging Max. 15.0 5 12 350
Period Min. 9.0 1 11 290

N.S. 2 2 2 2

1967 Ave. 14.3 4 i0 960
Non- Max. 22.0 12 12 93,000
Dredging Min 8.5 <(1 51100
Period N.S. 5 6 6 6

*Median (not average) values shown for bacteriological data
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Table 11
Water Quality Statistics

1'WCA, DI• 163 Non-Dredging N-iod

P-1 39

SPhenols Chlorides Total Coliform*
____ (mg//)W1

Ave. 17.0 28 35 6,000
Max. 27.0 79 42 44O,OOO
Mil. 7.0 8 28 1,300
t,.-. 7 5 5 7

R142

Ave. 16.5 18 27 7,000
Max. 28.0 28 35 750,000
Min. 6.0 0 12 4OO
N.S. 7 5 5 7

T-15

Ave. 13.0 42 4o 7,500
Max. 21.O 16o 69 140,000
min. 5.0 0 10 60o
N.s. 16 10 8 16

"*Median (not average) for bacteriological data.
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II. Conclusions

Dreding Operation

The dredging operation causes significant degradation of water quslity

in the imnediate vicinity of the dredge as indicated by increases in con-

centrations of suspended solids, COD, DOD, totel phosphate, volatile sus-

pended solids, and iron. The concentration of these waste constItumnte

generally decreased to substantially lower levels at a distance oie half

mile downstream from the dredging operation aS shown In Figure 9. No

pollutional effects of the dredging operation on the Detroit River were

detected. Temperature, pB, conductivity, alksi.nity, chlorides, phenols,

total soluble phosphate, nitrates, nitrite, total coliform, fecal coil-

form, and dissolved solids did not show measuroble increases in the Ibuge

or Detroit Rivers as a result of dredging the Ruge.

'The analysis of the Lid-depth samples do riot show significant oil

pollution. However, the %isible film of an oil-solid mixture frequently

stirred up behind the dredging operation was not collected an part of

the depth samples. Oil films generated by the dredging operation were

not of major significance on the Youge and were not observed at all on

the Detroit River.

The dissolved oxygen concentration In the dredging are@s decreased

with time while the stirred-up materiel was still suspended in the river.

On the dissolved oxygen survems on October 2 and Novmber 9, decreases

of 3 g/i (in 50 minutes) and 3.5 24/1 (in 34 minutes) respectively, were

observed as showa in Figure 6.

Station T18 at Fort St. was sampled duri.g the entire pilot study.

Ford Motor Company discharges and the dredging operations are two of the
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maJor factors which affect the water quality at this point. Due to the

Yord strike the influence of the diseharge of this company was the least

during the 60-daey period conomeing on Septeer 8. Six samples were

collected at Fort St. during this period. Three samples were collected

with the dredging operation upstream and three with the dredging down-

stream from the bridge. The average of these three samples show only

a mall increase in certain pa.!eters under the influence .1 the dredg-

ing operation as shown in the following table:

Station T-18
Fort St. Bridge
Average Values

Parameter (mg/1) Dredging Operation Dredging Operation
(average of three values) lpstrem from Fort St. Downstrea frM Fort St.

C•D 246
BOD 4 3
quapended solids 56 50
Volatile suap. solids 9 7
Total phosphates .94•1•4
Iron 5.6 4.0

The average solid content of the intake sludge was 38%. The de-

tention of the material in the hoppers provided for 47% removal of the

solid material from the sludge before overflow. The dredged sludge

was homgenous and the 2010A contained in the intake and overflow sludge

exhibited similar chemical characteristics. The following i,.-ble lists

the average concentrations of several congtituents in the dry solid

dredged material.
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Intake & Overflow
Average Concentrat ion*

mg/kg Dry Basis
(except as noted)

Volatile Solids (% Dry Basis) 18
Total Phosphate 8700
Total Soluble Phosphate 8
Nitrate 60
Nitrite .3
.4=onir 400
Iron 100
Oil & Grease 40,000
COD 26o,0o0

Both the undisturbed and dredged sediments were found to be highly

-solluted, exerting high oxygen demand and containing large concentrations

)f iron, oil and volatile solids. The highest concentrations of oil and

iron were found in sediments collected from the Rouge upstream from its

intersection with the Old Channel.

*•Excluding intaxe & overflow from the Old Channel
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Dumping Grounds

Sampling st Stations R37, R4I, and R43 downstream from Grassy Island

showed no appreciable degradation of water quality during the dredging period.

Examination of past data records for dredging and non-dredging periods also

fail to show consistent changes in water quality.

The measurement of water levels inside the wells on Grassy Island in-

dicate that the seenage rate through the dumping ground dikes is low. Well

water levels were found remain near that elevation of the Detroit River.

The rate of rise after sampling in water level in well #3 also indicate the

low seenage rates typical of clayey subsoils. In the week following the

end of the dumping operation, the water level in the pond subsided approx-

imately 1 1/2 inches. At this rate the seepage flow from the island is

estimated at less than . 2 cfs.

The water collected from the wells was found to be grossly polluted.

However, it is expected that many of the pollutional characteristics are

imparted to the water by the surrounding soils and that the well water is

not necessarily representative of water quality of ' seepage flow.

The Grassy Island pond acts as a settling and stabilization basin.

Results of the analysis of the pond sample indicate a decrease in BOD, COD,

total phosphate and suspended solids with time. The quality of the pond

water are compared to effluent recomendations or requirements set down

by the Public Health Service and the Michigan Water Resources Commission for

certain industries and municipalities in the Detroit area. (See Table 12)

The concentration of these constituents are comparable to the levels re-

quired for other discharges to the Detroit River.

98 ( I



Table 12
Water Quality

FMPVA, DIV Grassy Island Pond

Reoimndat ions
or Pond Overflow

Parameter Requirments Average (4) Average

Suspended Solids (m/i) 50 (1) 47 52
Total Coliform or/.00 l note (3) 12,000 1800
Fecal Coliform org/l00 al) note (3) I40 17
oil (Mg/i) 15 (1) (2) 6 3
Phenol (g/1) 20 2 13 9
DOD (5-day) (/i) 20 (2) 18 10
PH (standard units) 5.8 - 10.3 (1) 7.7 8.0
Iron (mg/i) 17 (1) (2) 3.8 2.4

(1) Michigan Water Resources Comission stipulation for certain effluents.
(2) U.S. Public Health Service reccamendation for certain effluents.
(3) Proposed water quality standard:

Total body contact: The average of any series of 10 consecutive
samples shall not exceed 1000 organisms/100 al nor shall 20%
of the samples exceed 5000. The average fecal eolifozu
density for the same 10 consecutive s2ag s shall not eceed
100. This standard applies to the Dtroit River except at
the mouths of tributaries, and in the laediate vicinity of
enclosed harbor areas and waste treatment plant outfalls.

(4) Nedian for coliform.
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III. APPENDIX

Laboratory Procedure

Bottom sediment samples were analyzed according to the Chicago Program

Office (FWPCA) procedures and Standard Methods for the Examination of Water

and Wastewater, 12th Edition, 1965.

Parameters not run according to the Chicago Program Office procedures

are: TDOD, BOD, NO2' NH3 -N and Organic-Nitrogen. However, the first three

of these parameters were run according to "Standard Methods" with modifi-

cations and the NHl3-N and Organic-Nitrogen analyses were run according to

published procedures.

The following is a condensed procedure for each of these parameters

which were run by the Detroit Program Office, FWPCA. Chicago procedures

are not listed.

A limited number of precision tests were run on all parameters

except BOD, to provide a base for the number of significant figures to

which each test is reported.

Immediate Dissolved Oxygen Demand (IDOD)
and BOD (5-day) Determinations
Using a Dissolved Oxygen Analyzer (D.O. probe)

1. Prepare dilution water at 200 C and measure its oxygen content.

2. Weigh 5-10 grams of sample and siphon in dilution water to fill the

BOD bottle.

3. Let stand exactly 15 minutes.

4. Measure oxygen content and report as IDOD based on 10 or 5 grams at 200C.

5. In addition to the 5-10 gram sample prepare dilutions containing 1 gram

and .5 gram of sample. Determine dissolved oxygen content after 15

minutes.
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Use the 15 minute oxygen concentrations as initial oxygne content for BOD.

6. Measure oxygen content after f.ive days incubation at 20 C.

Nitrite - Nitrogen (Manual Determination)

1. Weigh 5 grams of sample into 150 ml beaker. Add 50 ml nitriet-free

water, and let stand overnight.

2. Filter through mn bane filter and analyze according to "Standard

Methods."

Determination of Ammonia and Organic Nitrogen following Phenol Analysis

Using Cupric Sulfate as Catalyst

Amnia - Nitrogen (Manual Determination)

1. Place 10 grams of sample into a 1000 ml distilling flask. Add 550 ml

phenol-free distilled water and 10 ml of 10% Cu-S04-H 3P04 solution.

2. Distill over phenol.

3. To the residue in flask, add 5 ml of NAON (250 g/liter), a few glass

beads, and enough water to make 250 ml approximately.

4. Distill over NE3 in bottles. (Boric Acid is used only for extremely

"high concentrations).

5. Measure the vojmie and save for nesslerization.

Organic Nitrogen

1. Add 10-50 ml K2 S04 -H2 S• 4 solution to the residue from amonia deter-

mination; digest until fumes are acid to litmus paper.

2. Cool; add distilled water to volume of about 230 ml.

3. Add 50% solution of NaOH containiig thiosulfate, the rolume of which

is equal to the amount rf K2O- ,M 2S04 added in Step 1.
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I
h. Distill over NH3 into bottle. Measure volume and save for ness-

lerization.

5. Nesslerize NH3 and organic samples according to "Standard Methods."
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'Rouge River ater Quality - Ford Motor Company

The 61.day Ford Motor Company strike commenced on September 7.

During this period of pollutants by that company were expected to be lower

than usual. Samples were collected to determine water quality during the

strike period. The results are shown in Table and the averages are

shown below

Average Values
Station T-19

Phenol Oil iron Suspended Solids
ugh -,5/1 mg/l m/1

Oct. 18 - Nov. 7 Ave. 16 3 3.8 34
Max. 160* 5 9.0 79
min. 5 2 .7 12
N.S. 12 13 15 14

Nov. 8 - Nov. 24 Ave. 14. 3 6.2 34
(except Nov. 16) Max. 22 4 13 57

Min. 10 2 3.0 15
N.S. 9 10 10 10

The averages show little difference in phenol, oil and suspended

solids concentration. However, the affect of Ford Motor Company on the

Rouge River should not be underestimated for several reasons.

1. The activities within the Rouge Plant during the official strike
period are not known.

2. The pollution caused by stormwster overflow may have masked the

effects of Ford.

3. Surface oil is not reflected in depth sample concentration.

4. The Rouge water quality appeared improved during the UAW strike
period.

5. Routine freighter activity causeE -olluted condition as shown
by the sample collected on November 16, 1967.

The iron concentration does show a 60% decrease during the strike period.
*Not inc2,ided in average I
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The levels of all these contaminants during this period will be

compared to similar measurements made in the future.
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Table 13
Rouge River
Station T19

ICA, NO Dix Ave. Bridge
Mid-Depth Samples

Date gmp. Phenol Oil Iron Suspended Sol.
C V--~L A/ M/l mg/' ______

10-18 S 15.0 12 4 2.6 79
10-19 12.0 18 4 2.6 -
10-20 12.5 18 3 1.7 26
10-23 12.0 5 2 .7 13
10-24 12.0 160 3 .8 12
10-25 12.5 29 3 .7 16
1o-26 12.0 16 3 1.6 17
10-27 S 12.0 14 3 7.6 29
10-30 11.5 8 3 9.0 45
10-31 114.o 18 3 14.8 29
11-1 S 15.0 - 3 5.0 34
11-2 13.5 24 5 4.4 5711-3 S 14.0 - 3 7.3 47
13-6 10.0 10 5 3.8 30
i-7# 11.5 - 4 4.9 37
11-8 12.0 - 3 3.0 25
11-9 12.0 20 4 3.2 15
"11-13 S 11.0 13 2 6.2 37
11-i4 12.0 10 3 6.8 23
11-15 11.0 11 2 6.2 28
11-16* 11. 0 10 14 6 946
11-17 S 10.5 10 3 7.5 31
11-20 7.5 17 3 5.6 44
3-123. 11.0 22 3 4.9 32
11-22 10.0 - 2 13 57
11-24 7.0 17 1 5.4 49

*Passing freighter stirred bottom material
S - Data may reflect storzuater overflows on October 15, 16, 17 and 27

and November 1, 3, 11, 17.
#Strike officiall2y ended on November 7, 1967
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Flow Records - Detroit and Rouge Rivers

The flow pattern of the Detroit River, which has an estimated average

discharge of 178,000 cfs, is shown in Figure 10 . Variations in flow during

the study were not determined. However, an above-average discharge was

maintained during the dredging period as shown in the following table.

Detroit River
Average Flow

(cfs)

August, 1967 198,000
September, 1967 !96,000
October, 1967 194,000
November, 1967 196,000

A portion of the Detroit River flow, estimated at 2800 efa, is diverted

into the upstream end of the Old Channel of the Dbuge and returns to the

1'etroit River by way of the Short - cut Canal. The Short - Cut Canal is

an artificial connection from the Detroit River to the natural bend in the

Rouge River which eliminates and "S" shaped curve near the mouth.

Discharge measurements are taken by the U.S. Geological Survey at the

Lower, Middle and Upper Rouge. The stAtion of the average discharges of

record from these three gages shows an average flaw of the Rouge River above

the infl2-ence of Detroit River backwater of approximately 216 rea. However,

the flow during the autumn months are somewhat lower as indicated in the

following table.

Average Flow
(cfs)

August 64
September 59
October 86
November 120
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The fl:r: records for the Rouge River during the 1967 dredging period are

not available at this time. However, the streamflow in the Southeastern

Michigan bnsir was in the normal range during the study.

Variations in effluent flow from the Ford Motor Company can cause

M'aJor channZes in the flow in the dredging, area. This company discharges

&n average of more than 600 cfs, of .'aste and cooling water ten times the

averaze natural September basin yield.

In summary, the flow entering the Detroit River from the Rouge River

Short - Cut Channel is effectively the sum of the Rouge River natural yield

(avera~e = 216 cfs), the Ford Motor Company discharge (average . 600 efs),

and the Old Channel flow (average = 2800 cfs).

N
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Attached is a list of lab n~bers as used in the Rouge River Pilot Study
S-eport.
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INTRODUCTION

The United States ArvV Corps of Engineers received pertTinsion from the

State of Indiana and Inland Steel Coepna-mto dispose of dredging spoil from

the Indiana Harbor Canal in Inland Steel Con~any's landfill lagoon during

October 1967. At the request of the Corps of Engineers and the State of

Indiana, the Federal Water Pollution Control Administration, Chicago Program

Office, established a surveillance program in th. area. This progra. vas

carried out with the cooperation of the Corps of Engineers uhich made the

tugboat "Moore" available for san@ling runs and assisted in every way. The

purpose of the surveillance was to determine the effect of pollution of Lake

Michigan resulting from the disposal of the spoil into the lagoon.

The 82 acre lagoon is formed by a concrete filled sheet steel coffer

dam which has been backfilled to a distance of 50 to 100 feet with slag (see

map, page 5). The coffer dam and slag fill is ispervious except for a

150 foot wide gap which opens to take Michigan. The depth in the gap was

dredged to 12-14 feet in order to bring the loaded barges into the lagoon.

It was feared that pollution would escape through this gap and be carried

to one of the five public water intakes whith are located in the vicinity

(see map, page i).

2
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CONCLUSIONS

1. No heavy materials escaped from the lagoon to contaminate the

bottom of the lake.

2. Water quality within i/4 mile of the gap was noticeably affected

but, at more distant points, contamination from the lagoon was negligible com-

pared with contamination from Indiana Harbor.

3. The lagoon was filled with less than 1 foot of material and the

bottom is still 6-7 feet below the level of the sill. The lagoon can be used

for spoil disposal at the rate of 120,000 cu. yds. per year for several years.

Surveillance should be maintained during the disposal operation to insure that

severe pollution to the lake does not occur.

4. The bubbler system installed by the Corps of Engineers to prevent

surface contamination was not effective because the amount of air was insuf-

ficient to create vertical currents when a south wind caused a strong surface

current through the gap.

3 ():
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CHRONOLOGY OF EVETS

October 14, 1967 - The Inland Steel Compaz' granted permission for the

use of its existing landfill lagoon as a disposal site for spoil dredged from

the Indiana Harbor Canal.

October 26, 1967 - The Indiana Stream Pollution Control Board objected

to the use of the lagoon on the grounds that contaminated materials escaping

from the lagoon might endanger public water supplies located within a few miles

of the lagoon (see map, page 4 ).

November 2, 1967 - The Indiana Stream PoLlution Control Board withdlev

its objection upon being assured that the Federal Water Pollution Control Ad-

ministration woud monitor the area to detect pollution escaping from the lagoon

and that the Corps of Engineers would take appropriate action to prevent such

pollution.

November 6, 1967 - The first barge loads of spoil were dumped into the

lagoon. Personnel of the Calumet Area 8urveillance Unit of the Chicago Progm

Office collected six water samples, including one inside the lagoonp before

the first barge was dumped. A sample was also collected in the discolored area

caused by the dumping. Buoys were placed by the Corps of Ugimers to mark

the open water sampling stations.

November 7, 1967 - Fourteen stations were staled for water quality and

six for bottom mud,using the buoys placed by the Corps of Engieers. No ummual

conditions were observed.

November 16, 1967 - Two employees of the Chicago Program Office rode one

of the barges and collected water samples inside the gap, outside the gap and

in the disposal area. Oil was observed leaving the lagoon. Th wind was from

the south.



November 20, 1967 - Daily observation of the lacoon by ChicaGo Program

Office personnel was initiated. A barge was observed leaving the lagoon and

causing a lonG wake of discolored water in the lake which extended to the

Indiana Harbor channel. It was determined that the wake was due to the fact

that the barges were required to stop in the lagoon during dumping, therefore

there was no washing action on the hoppers. It was agreed that all barges were

to make a full 360 degree circle around the lagoon after dumping to provide

washing action inside the lagoon. No further discolored wakes were observed

in the lake.

November 21, 1967 - AlU fourteen stations were sampled. Heavy oil was

observed on the lagoon and a considerable slick extended from the r•n out into

the lake for more than a mile. There was no oil coming from Indiana 1Zarbor.

The wind was from the south and had been for several days.

November 22, 1967. Wind northwest. Oil was observed on lagoon but

none on lake or harbor.

November 24 and 27, 1967 - Wind strong from the north. Lake too rough

for barges. No spoil dumped.

November 28, 1967 - Sampling run attempted but lake too rough. Three

stations mere sampled. Wind was strong from vest.

November 29, 1967 - Twelve stations were sampled for water quality and

six for bottom muds. Wind was light from southeast. Oil observed on lagoon

and harbor but little on lake. Corps of Engineers personnel began collecting

water samples for turbidity analysis as barges entered and left the lagoon.

Bottles were supplied by the Chicago Program Office for this purpose. The

Corps of Engineers began operating a bubblersystem across the gap with the

purpose of preventing the flow of oil and pollution through the gap.

7 4
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December 1, 1967 - Fourteen stations were sampled for water quality

and six for bottom muds. Wind was strong from the south. The Corps of

Engineers was working on the bubbler to increase its air capacity. Oil was

observed on the l4ke for a distance of 1/2 mile from the gap.

December 5, 1967 - Fourteen stations were sampled for *.-ter quality

and six for bottm tms. Wind was light from the south. The bubbler was

operating but did not appear to be effective. The water wa the same color

on both sides of it. It was not strong enough to cause the rolling action

necessary to keep the water from mixing.

December 12, 1967 - Fourteen stations mere sampled for water quality

and six for bottom muds. Wind was strong from the west. Oil was observed on

the harbor and the lagoon but little on the la.e.

December 13 and 14, 1967 - Winds etrong from north, lake, too rough

for barges, no spoil discharged.

December 16, 1967 - Dredging completed, last barge dumped.

December 18, 1967 - The lagoon was inspected to determine if further

operation of the bubbler was required. The bubbler was not operating due to

a mechanical failure in the compressor. There was a plume of discolored

water extending several hundred yards into the lake from the gap. The wind

was moderate, from the south. It was decided to put the bubbler back in

operation for three days or until the next period of prolonged northerly

winds.

I
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DISCUSSION OF RESULTS

Bottom Sediments

The results of the physical observations of the bottom sediments show

that very little, if any, of the heavy orgFnic matter escaped from the lagoon.

Samples taken P', Stations CE-4-O, CE-5-0, and CE-6-0 (see table I page 10 )

were- predominantly clean sand or gravel. On December 5, 1967 soae organic

material was found at Stations CE-4-O and CE-5-0 but there is reason to believe

that this came from the harbor and not the lagoon. Samples taken at Station

CE-12-0 show that there is considerable contamination of the bottom origina-

ting in Indiana Harbor. Six samples taken in the gap produced no organic

material. The current through the gap keeps it scoured clean. On December

18, 1967, a rough measurement of this current was made by allowing a boat to

drift through the gap. It drifted 50 yards in 2.5 minutes, or one foot per

second. The wind was moderate, from the south. On December 12, 1967, the

bottom immediately outside of the gap was examined by sampling 20, 50 and 100

yards from the gap. At 20 yards the b6ttom consisted of large rocks 15 feet

deep, probably rubble from the construction of the breakwater. At 50 and 100

yards the bottom was clean sand about 241' deep with no evidence of contamina-

tion. All samples taken inside the lagoon consisted of heavily polluted black,

oily material similar to that found in the dredge hopper.

Before the dumping began the lagoon was 23 to 25 feet deep. A total

of 120,000 cubic yards of spoil was deposited in the lagoon, producing an

average thickness of 0.9 feet.

120,000 cu.yd. X 27 cu.ft./cu.yd. =0.9 feet
43,560 sq.ft./acre X d2 acres

9I



TABLE 1

MAM STEEL LAGOON SUREMILLANCE
Suiary of Field Observations of Bottom Samples

i17/67 CE 1-0 gap 14' deep - black gravel, mostly slag, no odor, little
evidence of organics

CE 2-I 22' deep - black silt, slight oil odor
CE 4-0 32' deep - 3 pieces of tan gravel, 2 dips
CE 5-0 30' deep - sand, no odor
CE 6-0 26' deep - sand, no odor

11/2V67 CE 1-0 gap 13' deep - one large piece of slag, 2 dips
CE 4-I 19' deep - black silt, very oily, petroleum odor
CE 3-I 20' deep - black ooze, very oily, petroleum odor
CE 4-o 30' deep - gravel, no odor
CE 6-0 26' deep - sand, no odor
CE 12-0 28' deep - sand, some silt, slight oil odor

11/29/67 CE 1-0 gap hard bottom, no sample, 3 dips No field notes. Extied
CE 2-0 sand 4frozen samples and
CE 4-0 sand questioned samplers.
CE 12-0 sandy black silt

12/1/67 CE 1-0 gap 14' deep - hexd bottom, no sample, 3 dips
CE 3-I 19' deep - black ooze, oily petroleum odor
CE 4-0 31' deep - sand and gravel, no odor
CE 5-0 31' deep - sand, no odor
"CE 12-0 27' deep - black ooze, sacm sand, slight petroleum odor

32/5/67 CE 1-0 gap 13' deep - bard bottom, no sample, 3 dips
CE 4-I 20' deep -black ooze, very oily
CE 4-0 30' deep - sand, black oily anterial, slight petroleum odor
CE 5-0 30' deep - sand, some black material, no odor
CE 6-0 25' deep - sand
CE 12-0 26' deep - black silt, some sand, slight petroleum odor

12/12/67 CE 1-0 gap 14' deep - hbad bottom, no sample, 3 dips
Outside gap 20 yds 14'-16' deep - large r6cks, 3 dips

"*Outside gap 50 yds 24' deep - sand, no odor
Outside gap 1.00 yds 23' deep - sand, no odor
*CE 3-I 22' deep - black silt, very oily, petroleum odor

CE 4-0 30' deep - sand and gravel
CE 5-0 31' deep - sand and gravel, no odor
CE 6-0 24' deep - bard bottom, no sample, 3 dips
CE 12-0 28' deep - dark grey oily muck, some sand, pet-

roleum odor
* Selected for chemical analysis

See Appendix A
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Soundings in the 1agoon after the dumpiný showed a depth of 19-12 fcet,

confirming the calculation. The sill of the gap is 13-15 feet deep which -ýmans

the present bottom of the lagoon is 6-7 feet below the sill. At the present

rate of disposal (120,000 cu. yds per year) it would taie approximately 8 years

to fill the lagoon to the level of the sill. Therefore the lagoon can be used

for spoil disposal for several years. Surveillance should be maintained during

the disposal operations to detect any serious lake pollution that might result.

Water quality

The results of analysis of the water samples show that the disposal of

spoil in the lagoon caused a local deterioration of water quality around the

gap but did not cause a wide spread effect that could be detected at the water

intakes. Figures 1 thru 10 on pages 15 thru 24 show that flow through the

gap had a considerable effect on suspended solids, oil and grease, ammonia

nitrogen, organic nitrogen, and total phosphorus; little effect on dissolved

solids, dissolved phosphorus, turbidity and pH; and no effect at all on nitrite-

nitrate nitrogen.

The nitrogen balance (high asmonia, high organic nitrogen and low

nitrite-nitrate nitrogen) is to be expected in water freshly contaminated by

organic material that has recently been in an anaerobic state.

The phosphorus and solids results indicate that the spoil is largely

insoluble. Figures 5 thru 8 show that total phosphorus and suspended solids

were affected far more than dissolved phosphorus and dissolved solids. This is

to be expected from spoil taken from the bottom of a flowing stream.

On November 21 and December 1, 1967, considerable amounts of oil were

I1
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found On the lake coming from the gap. Figure 9 on page 23 shows that a con-

siderable amunt of oil and grease originated in the lagoon. This was expected

due to the oily nature of the spoil.

The Corps of Engineers attested to contain the floating oil by install-

ing a perforated hose across the inside of the gap and piring air through it.

This created a curtain of rising air bubbles causing vertical currents which

would leep the oil and polluted material inside the lagoon from crossing the

curtain. It ws not effective except on calm days. On several days, when a

south wind was blowing oil was observed on both sides of the bubbler and there was

no difference in the appearance of the water inside and outside of the bubbler.

The volue of air was not sufficient to create the necessary vertical currents

when the wind caused a horozontal current through the gap.

Figurei 1 thru 10 are based on average figures for each partaeer at

each station (see Table 2page 14 ). The inividual results for each station

appear in Tables 3 thru 16 on pages 25 thru38 These results indicate a

slight increase in contamination with time but the trend is not statistically

reliable.

Wind direction has a great influence on local water quality at any par-

ticular time. South and east winds cause a discolored plum from Indiana HIrbor

which is evident beyond Station CE-1O-O but leaves the water around the gap clear.

North and west winds cause the discoloration to blankt the area around the gap.

Northerly winds tend to restrict and concentrate wastes from the harbor so that

some of the highest concentrations were found durinr periods of north winds.

Table 2 shows that average concentrations of all parameters except tur-

I
bidity and oil and grease were higher at the mouth of the harbor (Sta. CE-I2-O)

than at the gap (Sta.CE-1 gap). Since the flow from the harbor is much greater

32



than the flow from the gap it is evident that far more contamination comes from

the harbor than from the -ap. Except for the area within 1/4 mile of the gap,

the cffect of contamination from the gap was negligible when compared with

contamination from the harbor.

The results of the analyses of the bottom sediments also indicate that

pollution from the gap was negligible when compared to pollution from the har-

bor. Appendix A shows that concentrations of COD, nitrogen, phosphorus, phenol,

oil and grease, cyanide and sulphide were very low 50 yards outside of the gap

when compared with material from the lagoon. Concentrations of iron, copper,

zinc, lead and chromium 50 yards outside of the gap were all comparable to

or hiCher than concentrations inside the lagoon. These concentrations were

also very hiGh at Station CE 12-0, which is at the mouth of the harbor. This

indicates that most of the pollution 50 yards outside of the gap originated in

the harbor and very little originated in the lagoon.

I
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APPENDIX A

,ANLYSIS OF BOTTOM SAMPLES 12/12/67

All reGsults in g/,/kg - Dry Basis

CE 1-gap + 50 CE 3-f CE 122-0

Parameter 50 yds outside gap Inside laioon Indiana Harbor

% Total Solids 78.9% 35.1% 37.9%

% Tot. Vol.Solids 3.3% 8.0% 6.6%

COD 5210 351,500 261,500

H3-N NF 327 264

NO3 -N 2.7 3.1 22

Org N 28 1945 757

Total Phosphorus 107 986 786

Tot. Sol. Phosphorus i.18 6.74 1.32

Phenol 0.04 1.1 4 0.97

Oil & Grease 425 39,500 27,900

Total Iron 21,450 17,210 57,000

Cyanide NF 4.33 5.70

Sulphide 5.8 986 351

Copper 28.5 45.6 95.5

Cadmli mu NF NF NF

Nickel 19.0 NF NF

Zinc 841 747 1480

Lead 279 314 396

Chromium 63.4 94.0 79.2
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CALUMET RIVER

DREDGING PILOT PROJECT

1967 - 1968

U. S. Department of the Interior

Federal Water Pollution Control Administration
Great Lakes Region
Chic&go, Illinois
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introduction

With responsibility for maintenance of the waterways of the United

States delegated to the United States Army Corps f Engineers, and with

the FIOCA being interested in the effects of dredL ng and dumping opera-

tions on water quality, a joint agreement included provisions for studies

to develop alternate disposal methods. In conjunction with a pilot

program to develop such alternate means of disposal,a land disposal

site was located in the vicinity of Lake Cal-"met to accommodate the

dredged material from the new work and maintenance dredging project in

the Calumet River between Lake Hichigan and Turning Basin No. 5 (see

Figure 1).

The 91-acre-land disposal area is located east of Lake Calumet and

north of the Calumet River in Chicago, Illinois. Dredged material is

transported by scows from the dredging location to a temporary dis-

posal site in Slip No. 2. The material is then pumped by a hydraulic

dredge from the temporary spoil area by a 16 inch pipeline to the land

site. Effluent from the land area subsequently drains by a ditch south-

ward to an outfall on the Calumet River (see Figure 2).

A sampling program was established for the purpose of evaluating

the dredging and disposal methods in use at this Calumet River Pilot

Project. The procedure for surveillance of this project involves

sampling above and below the dredging location, sediment sampling from

the scow, water sampling in the vicinity of the temporary spoil area

and collection of water samples from the land disposal outlet. Deter-

mination of the effectiveness of' this disposal methud lu based upon

2



an evaluation of the results obtained from the sampling program, and

on observation of the dredging procedure.

!
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Conclusions

1. Dredging operations had a negligible immediate effect on water

quality of the Calumet River.

2. There was no pronounced difference in water quality at the

temporary spoil area inside or outside the submerged dike before

or after dumping.

3. The dredged material dumped into the temporary spoil area was

reasonably contained.

4. The detention time for settlement was not long enough to effective-

ly reduce the turbidity and suspended solids to a degr'ee which

could be realized if control of the drainage was improved.

5. With exception of nitrate nitrogen and total soluble phlosphorus,

all parameters were higher at the land spoil outlet tIa1n at any

other location sampled.

6. Bottom sediment samples indicate that pollutional maturtal is

present in high concentrations in Calumet River.

-4-
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Chronolog-v

April 14, 1967 - FWPCA was informed by the Corps of Engineers that it

tentatively planned to dispose of dredged material in a land

spoil area in the vicinity of Lake Calumet.

July 12, 1967 - Predredging bottom sediment samples collected

September 1, 1967 - The contractor commenced maintenance dredging.

All material to be dredged was to be deposited in a temporary

disposal area in Slip No. 2 in Lake Calumet. The contractor

proposes to accumulate dredged material in a temporary spoil

area until October 1-15, 1967 at which time a hydraulic dredge

will be placed in operation to rehttndle the material from

Slip No. 2 to the land disposal area.

October 3, 1967 - Rehandling of dredged material from temporary spoil

area to land disposal area started.

October 26, 1967 - On site inspection of land disposal area performed

by FWPCA personnel. Water samples collected at drainage dltch

N outlet to the Calumet River.

November 9, 1967 - Initial collection of water and sediment samples

taken at three lceations:

(1) vicinity of dredge - water samples 1000 feet upstream and

downstream from dredge and sediment samples from scow

(2) temporary spoil area - inside and outside submerged dike

(3) outfall ditch from land spoil area -o outlet.

5i
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Chronolor. (continued)

Novenber 16, 1967 - Collection of water and sediment samples.

November 2Z, 1967 - Collection of water and sediment samples.

November 30, 1967 - Water samples taken at all stations; included

samples collected one-half hour before and after dumping

at temporary spoil area.

December 6, 1967 - Dredging operations terminated.

January 12, 1968 - Collection of water samples at land spoil outfall.

January 17, 1968 - Collection of water samples at land spoil outfall.

February 5, 1968 - Pumping of dredged material from temporary spoil

area to land spoil area completed.

I
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DISCUSSION OF ANALYSIS

Bottom Sediments

Predredging bottom sediment samples were collected in Calumet

River on July 12, 1967 with the results shown on Table 1. Sediment

samples during the 1967 - 1968 dredging period consisted of a series

of three weekly samples collected directly from the bottom-dump scow

into which the dredged material was placed by means of a clan-shell

type bucket dredge. Representative samples were obtained from at

least 5 hoppers on the scow and composited. The results of the

analyses performed on the composite are presented in Table 2.

The laboratory results of the samples taken prior to dredging

indicate pollutional material present in the bottom sludge. COD,

ammonia, phosphates, oil and grease, iron and the toxic metals,

namely copper, lead, chromium, zinc and nickel are present in high

concentrations.

The iron and toxic metals are indicative of iron and steel and

other industrial waste discharges.

-7, I[ * ,



Water Quality

Water samples were collected in the project area during the

dredging operations on seven different occasions. The results of the

four samples taken 1000 feet above and below the dredge on the Calumet

%iver reveal no significant differences in water quality due to dredging

activity although downstream from the dredge there was a slight increase

in suspended and dissolved solids and turbidity. The analyses for the

water samples in the vicinity of the dredge is shown in Table 4.

Samples were collected both inside and outside of the submerged

dike at the temporary spoil area and on one occasion samples were taken

one-half hour before and after dumping into the area. The data in

Table 5 indicates that inside the diked area, the turbidity and sus-

pended solids are higher one-half hour after dumping compared with

samples taken before dumping. However, outside the submerged dike the

turbidity and suspended solids are no higher before or after dumping

which demonstrates that the dike was generally effective in cortaining

the dredged material inside the temporary spoil area.

The Corps of Engineers, through soundings of the temporary spoil

area before and after dumping concluded that for all practical pur-

poses the entire volume of approximately 277,000 cubic yards was pumped

onto the land spoil area.

Water samples were collected at the land spoil outlet on seven i
occasions to determine the quality of water draining from this land

_8



area back to the Cal!met River. A comparison of average values in

Table 3 shows that concentrations of organic ritrogen, total phos-

phurus, COD, solids, oil and grease and turbidity were much higher

ir the effluent fro.- the disposal area than in any of the other waters

sanrled.

It should be noted that individual test results on the effluent

ramoles varied widely (see Table 6). These results may be affected

by the type and quantity of material being deposited in the spoil

area on the days sam•pled, the mixing which occurs in the hydraulic

dredging operation, and by rainfall which has occurred imxrediately

prior to sampling.

Orn October 26, 1967, three weeks after pumping to the land spoil

area wai begun, an on-site inspection of the area was made. The

appearance cf the water drained in the outlet ditch was obviously

higher In solids than the receiving waters of the Caluret River and

oil was výLsible on the surface in the outlet ditch. The physical

character of the disposal area did not provide adequate tine for

settlenent, The condition at the outlet of the hydraulic pipeline

did show results of solid material building up, but from this point

"the water containing large amounts of suspeinded solids flowed overland

across a wide area, into the drainage ditch and was discharged through

the outlet culvert to the Calumet River.

Additional settling time is necessary to reduce suspended solids

before discharge to the Calumet River. The disposaJ. area should be

diked with a controlled outlet to regulate the overflow after a

iuge: seLLling Lime hbus een realized.

40
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CALL,'<T R .'3:- - 9.D ". S?2?... .

IRcsults c>xprc[zcd inl r<•/,, dry basi•

July 12_, i1o7

Riv'er ,MIe 23.3 >322 .• .2 3C.•" 330.2 52.

Para'-. tc'r

% Total Solido 49.4 53.3 59.0 45.5 58.2 50.3 57.9

%Vo1a ile Solids 4.4 6.2 6,.4 13.p 9.4 9.0 5.7

59 76 9S 1-8 65 81 66

r,03 -N 9.4 1.7 0.7 0.7 1.2 0.6 0.3

Orgnnic-17 741 964 1192 902 685 3.199 1134
Total Soluble PhiosphoruE 2.31 4.1.0 11.5 8.68 2.13 1.65 2.33

Total Phosphorus 1370 1161 2031 636 447 2175 539

Oil and Grease 4900 5900 8030 20,850 26,100 34,400 3420

COD 87,200 95,200 132,003 197,020 231,500 165,021 69,900

Phenol 1.865 1,800 0.305 1.-710 1.080 1.070 0.260

CyaRnidc 2.94 1.72 9.50 33.6 12.2 9.85 0.014

Sulfide 619 292 242 600 394 585 78

Total Iron 88,700 70,100 50,600 9•,,100 75,400 80,600 27,550

LI* 9.8 7.6 22 12 25 14

Cd * * * * * * *

Ni 12 * * 23 * 32 *

Zn 39 59 149 472 330 41o 127

Pb 79 129 168 440 820 626 103

Cr 8.1 8.6 12 20 62 68 19

N 1ot detected at ccnniti'.,ity of test

ACi

i.- *'i



Table 2

CALUMET RIVER DREDGING STUDY

Sediment Samples

All results in mg/kg - Dry Basis

Parameter Barge Hopper
November 22 .1967

% Total Solids 76.1 %

% Total Vol. Solids 9.8 %

COD 25,150

NH3- N 69.3

NO3 - N 2.1

Organic - N 750

Total Sol. -P 0.752

Total - P 289

Phenol 0.18

Oil & Grease 1,000

Copper 9.20

Cadmium NF

Nickel 25.0

Zinc 47.5

Lead 123

Chromium 13.1

Total Iron 17,890

Cyanide NF

Sulfide 6.0

N.F. - None Found

-12- _
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GREEN BAY PILOT STUDY

INTRODUCTION

The Green Bay area is one of eight sites in the Great Lakes

selected by the U. S. Army Corps of Engineers for joint study with FWPCA

of alternate procedures for the disposal of polluted dredging materials

and the effects of these disposal techniques on water quality. This

report covers the 1967 FWPCA sampling study in Green Bay.

As part of the pilot program, the channel from the C&NW Railroad

Bridge to Long Tail Point was deepened under a contract that commenced on

November 8, 1966 and was completed September 26, 1967. Under this con-

tract, 632,000 cubic yards of dredgings were used (1) to fill a 380 acre

diked land spoil site at Atkinson Marsh, and (2) to construct a dike

inclosing a 230 acre bay spoil area adjoining the entrance channel in

the bay, northeast of Grassy Island (see Figure 1). Material dredged

from the Fox River channel by two clamshell dredges was placed in a

temporary spoil area in the bay, then pumped to the land spoil area by

a hydraulic dredge. The temporary spoil area consisted of a sump,

200 ft. by 750 ft., dredged to a depth of approximately 25 feet below

the natural bottom of the bay. The hydraulic dredge, working in the

channel from the mouth of the river to Grassy Island, pumped directly

to the diked land spoil area. The dike in the bay was constructed by

hydraulic dredge with material taken from the channel between Grassy

Island and Long Tail Point.

1967 SAMPLING PROGRAM

Bottom sediments and water samples from the channel and sump area

and water samples from the diked land spoil area were collected for the

study. Water samples were also collected in the ditches on each side of
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Tower Road, south of the diked land spoil area to determine if there was

seepage through the dike. No samples were collected from the 230 acre

dikad area in the bay. Sampling points are shown in Figures 2 to 5.

CONCLUSIONS

1. Bottom sediments in the channel and sump have a high chemical

oxygen demand and high concentration of oil and grease, total phosphorus,

soluble phosphorus and total nitrogen.

2. Dredging operations in the sump area caused significant in-

crease In conductivity, alkalinity, turbidity, total phosphorus, nitrogen

and suspended solids, in the overlying water.

3. Turbidity and suspended solids were effectively reduced by

detention in the land spoil area. Concentrations of other constituents

in the overflow were generally equivalent to or higher than concentrations

inside the spoil area, based on one set of comparative samples.

4. Based on the informtion available, it appears that there

was very little seepage of pollutants through the dike inclosing the

land spoil area.

CHRONOLOGY

April 13, 1967 Season's dredging operations started in the Fox River.

May 4, 1967 Dredging continues in the river. Nine bottom sediment

samples collected, seven from the river and one each

from the sump and a scow. Eight water samples collected

from river and sump area.

K ___ ____ _____ ____ j __
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May 18, 1967 Hydrauli' dredge started operating in the sump area.

July 17, 1967 Dredging operations continue in the river and sump ares.

Six bottom sediment samples collected from the sump area.

July 18, 1967 Dredging operations continue on the river and sump a•r.

Three water samples collected of overflow from the diked

land spoil area.

July 31, 1967 Dredging operations continue in the river and in the

channel north of Grassy Island. Two water samples

collected from the overflov from the land spoil ares.

August 3, 1967 Dredging operations in the river completed. Construction

of dike in bay north of Grassy Island continues.

August 17, 1967 Seven water samples collected at the diked land spoil

area, one from the outlet pipe, two from the land spoil

area and four from two ditches south of the spoil area.

September 29, 1967 All dredging operations completed for the season.

October 11, 1967 Nine water samples collected at the land spoil area,

three from inside the dike and six in the two ditches

south of the spoil area. There was no overflow from the area.

DISCUSSION OF DATA

Bottom Sediments. Figures 6 - 10 show graphically most of the

data obtained from analses of bottom sediments in the river and bay

channel, the sump area in Green Bay and from one scow load of dredgings.

This data has also been tabulated and is shown in Tables 1 and 3.

4
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At River Mile (RM) 1, all the chemical and physical constituents

in Figures 6 - 10, except total solids, are considerably lower than the

concentrations shown at each River Mile immediately above and below this

point. Although dredging operations started on April 13, 1967 in the

vicinity of RH 1, the area wat not sampled until May 4, 1967. It is

apparent from the low concentrations shown that the sample at RM 1 was

collected after the area had been dredged. Therefore, these data have

been omitted from the following discussion.

Bottom sediments in the channel have a high chemical

oxygen demand and high concentrations of oil and grease, total phosphorus,

soluble phosphorus and total nitrogen. The concentrations were generally

highest up river at RM 3 and decreased fairly uniformly into the bay to

Bay Mile (BM) 3.

The following is a sumary of May 4, 1967 bottom sediment data for

the river and bay channel:

Parameter Unit (Dry Weight) itximu= Miniuum

Total Solids 5 of sample 30.5 13.0

Volatile Solids 5 of tot&l solids 23.7 14.8

Oil and Grease Mg/k 46,200 4,600

Total Phosphorus-P mg/k 6,500 2,683

Soluble Phosphorus-P mg/k 138 18.6

Chemical Oxygen Demnd mg/k 3Oo,000 i9,o00

Total Nitrogen mg/k 10,13D 4,950
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Parameter Unit (Dry Weight) Maximum Minimum

Nitrogen (NO3) mg/k 16.2 9.9

Nitrogen (NH3) mg/k 1,240 60

Organic Nitrogen mg/k 9,450 4,020

Sulfide mg/k 830 240

Phenols micrograms/gram 7.8 0.75

Imnediate Dissoi-!od Ovgen Demand mg/k 94,60c 21,400

Bottom sediments were collected in the sump area in Green Bay on

May 4, 1967 and again on July 17, 1967. River dredgings were deposited

in the sump routinely after April 13, and the hydraulic dredge hbad operated

intermittently in the sump after May 18. A comparison of the samples

collected on May 4 and July 17 is presented below. As would be expected,

the data are similar to those shown above for the river sediments. It

should be noted that on July 17, only two samples were taken from within

the sump area (see Figure 3), with two samples takenon either side. The

date (Table 3) show higher values in the sump for only ammonia nitrogen

and soluble phosphorus.

BOTTOM SEDIMMT DATA IN THE SUMP AREA

Para'. ter Unit (Dry v'--ight) may 4, 1967 July 17, 1967
(one sample) (Average of

____________________ _________ 6 samples)

Total Solids % of sample 41.3 29.1

Volatile Solids % of total solids 13.4 15.3

Oil and Grease mg/k 4,200 13,855

•2•tal Phosphorus-P mg/k 1,910 1,165

Soluble Phouphorus-P mg/k 45 7.8

Chemical Oxygen Demand rmg/k 122,000 167, 350

Total Nitroden mg/k 2,690 -

___
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Parameter 6t 1y k 1967 JUY 17, 1967
(one suaple) (Average of

(Dry Wei~ghIt) ______ 6 !Mipes)

Nitrogen 1103 Ng/k 4.4 8.5

Nitrogen 1E13 mg/k 660 469

Organic Nitrogen mg/k 2,350 3,526

Water qm11%7. Figure* 11-19 show graphically most of the data

obtained from analyses of water amples collected from the river and

bay eoanel, the sumop in the bay and the diked land spoil are. This

data is also tabulatod and is shown in Tables 2 and 4-6.

Water Q•ality in the M Area. On May 4, 1967, water samples

were collected in the river and at the sump area. Analyees of these

samples, Table 2 and Figures X1-19 shows that water quality in the sump

area after the disposal of dreding materials was much worse than water

quality in the river or bay channel. The dredging operation Wad a

noticeable effect on candoctivity, alkalinity, turbidity, total pbosphorus,

nitrogen and suspended solids; all increased significntly as uight be

expected. There was a particularly significant increase in omani& ard

total nitrogen which is to be expected when waters ane first contaminated

by organic matter In an anaerobic state.

Water Quwli~t in the land S§Z! Area. Water mMples were collected

at the land spoil area to determine the effectiveness of the dike to roetan

the various chemical and physical constituente in the dredging mterials

placed in the spoil area by the bydwvAlic dredge. Water semples wer*

collected on July 17, 18 and 31 and on August I and 17, 1967. Analyses

ii
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of these samples (Figures 11-19 and Tables 2 and 4-6) shown a coosiderable

variation of effects on the quality of voter discharging from the dike

through the outlet pipe. The data aollectod on August 17, 1967 which

compares vwter quality inside the diked area, at the overflow pipe, and

in the ditches illustrates the effeativeness of the dike to retin the

various constituents of the bottom sedIments. A coper'ison of conoen-

trations inside the dike to those flowing through the outlet pipe are

sumarizedL below:
Inside Dike

Parometer Ubits at 2 points outlet Pipe

Turbidity APMA 24 - 10.0 9.0

Total Phosphorus-P Mg/1 0.59 - 0.28 0.72

Soluble Phosphorus-P 36/l 0.18 - 0.12 0.18

Nitrogen NO13 Mg/i 2.9 - 2.1 1.9

Nitrogen NH 3 mg/i 5.8 - 4.7 6.9

Nitrogen, Organic mg/i 4.2 - 3.6 6.1

Dissolved Solids ag/i 3B6 - 420 406

Suspended Solids mg/i 117 - 38 92

Chemical Oxygen Demand mg/i 98 - 78 107

The above data shows that only turbidity vwa effectively ton-

trolled by the dike and that some of the chemical constituents of the

dredgings such as total phosphorus, amonia nitrogen, organic nitrogen and

chemical oxygen demand were higher at the outlet pipe tean inside the dike.

A conmprison of chemical and physical concentrations inside the dike with

those in the ditches on each aid- of Tower Road for August 17, 1967, show

4
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that with the exception of dissolved solids, the concentrations inside

the dike were considerably higher than those in the ditches, indicating

very little seepage of constituents through the dike. On October 11,

1967, 9 samples vere collected both inside and outside the diked area

(Figure 5). The analytical results are shown in Tible 6. Excluding

the results from sampling station number 6, the phosphorus *ad n.trogen

levels, suspended solids and turbidity are all generally higher inside

the diked area which indicates again the effectiveness of the dike in

limiting seepage through the dike.

I
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FOX flIVER-GREENJ BAY SEDIMENT DRTA, rlay 4, 1937_ . I

TOTAL SOLIDS
V LAIOF SAMPLI

50

40
30 .

0 3 2 1 0 1 2 3 scow SUMP

CHANNEL MILE POINT AREA
FOX RIVER I GREEN BAY

VOLATILE SOLIDS
%bOF TOTAL SOLIDS

50

40

30

S3 2 1 0 1 2 3 scow SUMP
Ct;ANNEL MILE POINT AREA

FOX RIVER I -GREEN BAY



ii r li

FOX 'IVR-G.E.,I C, SEDIENT DATA, raay 4, 1967. -..
OIL & GREASE
DRY WEIGHT MG/K.

50,000 -__

40,000 .

Avg. Muy l7

/0,000

0 3 2 I 0 1 2 3 SCOW SUMP

CHANNEL MILE POINT AREA
FOX RIVER _ _ _ REEN BAY

TOTAL PHOSPHORUS - P
DRY WEIGHT MG/K

8,000

6,000

4,000

0 3 2 1 0 1 2 3 scow SUMP

CHANNEL MILE POINT AREA
FOX RIVER LGREEN BAY -) ;

S: L7 "l7



FOX R1iE-GR,'.GEEN DY SEDIp;E[NT DA.TA, r.,ay 4, 19G7__.__..

SOLUBLE PHOSPHORUS- P
DRY WEIGHT MG/K

400- -- _ _ _ _ __ _ _

300

200

li e m e,,-, .IJuly 17, ';

03 2 1 0 1 2 3 scow SUMP
CHANNEL MILE POINT AREA

FOX RIVER -GREEN BAY

CHEMICAL OXYGEN DEMAND
DRY WEIGHT MO/K

.5O00,00

400,00C

oo.. ooo

/00,000

0 3 2 1 0 1 2 3 SCOW SUMP
CHANNEL MiLE POINT AREAf( FOX RIVER l GREEN BAY

a -~~- . .~au -.-



FOX r,3VEfl-GUEEE MY SEOJI'ý1T DAlTA, 1,3y 4, IC037 ý
TOTAL NITROGEN
DRY WiIGH1 MG/K

/0____________000_________

CHANNEL MILE POINT AREA
FOX RIVER -GREEN BAY

NITROGEN (NO 3)
DRY WEIGHT MG/K

'I0

Avi?..Iu/y/2, V

CHANNEL MILE POINT AREA
FOX RIVER _______GREEN BAY

917



FOX RIVER-GflEEN BAY SED'1MENT DATA, rVay 4, 19CG7 ,..
NITROGEN (NH 3 )
DRY WEIGH? MG/K

P,000 _ _ _ _ _ _ _ _ _ _ _ _ _ _

1,600

v,2 oo0y

80O

400 

'
03 2 1 0 1 2 3 scow SUMP

CHANNEL MILE POINT AREA
FOX RIVER I -GREEN BAY

ORGANIC NITROGEN
DRY WEIGHT MG/K

14000

6,000

4,000 
A• //

3 2 1 0 1 2 3 SCOW SUMP
CHANNEL MILE POINT AREA

FOX RIVER I GREEN BAY

C)

%.
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ANALYTICAL RESULTS

GREEN BAY BOTITOM SEDIMEMTS SAMMLES - SUMP AREA (mg/k)

July 17, 1967

Phos 
-

*Total % T. Vol. phorus-
Station Solids Solids NH3-N NOa-N Org-N T.Sol. PWet- Dry Wet Dry w-et VFY Wet DryL

1 27.0 14.8 100 370 1.6 5.9 1085 14020 1.06 3.8

2 27.7 16.7 97 350 2.2 7.9 913 3300 1.66 6.0

3 26.0 18.2 194 745 3.2 12.3 1026 3955 3.1] 12.0

4 22.2 17.8 150 ,'5 2.0 9.0 960 4325 2.94 13.4

5 32.6 14.6 117 360 3.6 11.0 1008 3090 2.16 6.5

6 3-3 2.0 4 1.1 21L6 .5..1 1.95 ?6

Average 29.1 15.3 1469 8.5 3526 7.8

Station Total JPhosphborus-P COD Oil & Grease*
Wet Dry Wet Dry Wet Dry

1 1.08 1509 148,2oo 1(8,500 6,93) 25,667

2 301 1088 37,500 1.35,100 14,270 15,411

3 284 1091 36,000 138,500 2,815 10,827

4 .08 1835 37,100 167,000 1,1465 6,599

5 3o1 9214 91,600 281,000 6,510 19,963

6 235141 140,800 1014,000 1,835 14,663

Average 1165 167,350 13,855

*Hexane Analysis j

Table 3
1(
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Crf'LUP-l LAY

ANALYTICAL PR£SUI.hS (:, V,.ATZR F11,1O4 DIIKED LMI, SPOIL AREA

0CTOBER 11, 1967

Type of Sarple: WATF$_
station 1 2• 3 -2" 5 6 7 W 9

T. Sol.-P 0,119 0.037 0.039 0.056 0.044 0.4114 0.123 0.0040 0.032

Total-P 0.252 0.0714 0.063 0.22r4 O.109 0.629 0.273 0.105 0.119

083-N o.84 0.12 0.10 0.36 0.07 0.59 0.90 0.23 0.20

1103-' 0.61 0.03 0.02 - 0.03 0.1) 0.36 o.oG 0.06

Org-U 2.0 1.0 1.2 4.4 0.91 i.h 2.6 1.4 1.1.

Sus. Solids 57 7 5 19 7 126 68 18 24

Dis. Solids 327 393 385 789 415 274 324 353 354

Turbidity 27 1.4 4.o 4.5 0.7 9.0 1i 12 7.7

COD 69 35 36 33 57 38 65 71 40

Table 6j



APPENDIX A Ib

R poydf Oil T D~JEGI{HFB CU POLtTuviol Ca", F3CYIW1'i

1)UE3968

Fe~ralWatr ollutiot, Cont,,rol Admi-nistratiofl

Grcat Ta~es Rclsion

3-est Available CopyChao



Xn accordance wi~thI an agreemet betwen thc Fedeoral
Va~te-r PoIJAution01 Contl-roL Administrat~ion azA. the UnjAI-.tcS-te
Army Corps of Exigrineers thant the Fiedera). W-atker Pollultion
Contro~l Administration would. (clt-6rinine the de!,ree of~ -ollu-
tion. of bott.-om sed.ijrmcnts in harbors to be dred,.Sed by thec
Corps of Bngineers'. personnel of the Chicag-o Pro-ram 0. Zf 1.c e
marnipled New BufrCaJlo Irarbor, Michigan on Junme 4~, 19658. mhe

points sa-mp).e1. represent are~as scheduled. for dredning on P.
map, providea by the Corps o-' Ený,-ineers.

Members of' the s,,unpling; crew were:

Robert'J. Bowdien - Saitary Bhigincer
Joseph V. Slovick H iydraul.ic Technician
Dani.el Chorori~cki -Boat Operator-S--nmler

*Best.Avaif able Copy



CONCLUSIONS

I. The bottom sedimcnts outside of thc. mouth of the Gallon River

consist of sand substantiall.y free from pollution.

2. The bottom sediments in the Galion River in the area scheduled

for dredging are slightly to moderately polluted.

3. The quality of the water entering Lake Michigan from the Galien

River was good and the river did not constitute a serious source of pollu-

tion to the lake.

[est.Available Copy

-2



t AI I LEGEN!D

,~,,/6 1/AREA TO CE 0,FDOCE( 1~7-/,
SAMPLING POIN4T G-

SAMAPLE RETAINED oc)s- I i
* viciz1iyY M.AP

IIle
IC I e .: o

II

-p;>:~~~~~ I~* I t. 1, G. L. - ~ I

C.., .t-.% .

3:0 -4Z2 :

-- pID
V! ;

NC

's. %v

'00

CALUMET AREA SURVE-LL.ANCE ':c

NEW BUFFALO HARBOR

Orl"Ut~icS ANAT ;.EFE Pzo

w:.r~~ L~~:~rU S. 03~ Ei 0~ F. T. H..EA ~ E' TENT ;C:~O.R
II~5) (Z~.'~L Z~. v.1FEDERA~'L ~W-*TERk POLLUT 1.\N CON-rFý&.A*.!L

Grect Lok~s Pz;%.I cM;h2 im.-:s



~?h £ od k~' ic V i~ c~ sivta.cr J.13.liczLC f 1fC)1CC

darkecr sondo. N~:ith so p ollxut4oo~£~Le up tLhL C;a)l.ien }R vor 1At Slta-t~ions ID3-u2- 2

68.-3 wan ]u;UP,.' 683.4.k.(S'e T'-'bic 1). The rivor S.Itself ap~~dto be ub;t-

tj~a1.i'y frlýC of r~Ju~c.Fi-r ;ŽrC vý! jutvri;1)in' in the river P- 1 a

Pair of vic~ re ! oil!V neý'r 0Sr.t-ion N3JI' 6-1.

TPhe chenij.cal. zn-nL2.y~.cnc con f.:;ir t>jse bc~rvati'ýons. The sa-0. nt Stat-ion

mfup 6S-1 haC o oe t',t.n of COD, Totn-1 Phzahov ncL bu1Aiclte. TChe

percent vol,'tiijc solIH& vas also 'E~ry ).0wr. Thee ras aý tracc of-! cyarlf.oe and'A

som•) oil.. vni gl (see: Tabie 11). Thcese, concentriations wcrere Th2' Iow.Žor -than

at other hnarbors oni the ]Th.:c . At' Stationi ITUY 68.-1, the ao vas at.od rt

10 ul~ o u-0f c ya1.de C d oi 1PnJ[-I- ES0. hS:'0LSf-Pproa-cl-,d a 2C VCat Iee

but COD, p-erccnt 'laiv solicls, sulf-ieL, wzere all lo-,,.

.7rirn water ouanlity at tlhe zoýCUth of tvhi. Ga2.ion FtLbvc~r (station IU'6S-2)

woets tie'criteria cst-pblis.-e-d by the C-alvunet Area Conferoes for Inner har~bor

basins (see Th'bl-c 111). It is reco-nnizcdl that, the1-se criteria cannot be

officlally applied at 'Yew D'affalo har~bor and they am, used onl~y for comp3arison

andL cv?.Iustion ptu-_poses.

Co).or photo~ir-ap'hs vere tal-en. of r-13. of the bottom sannles observed.

7'hese are on Pile at the Chicago Pro~ram Office of tLh c Fcderal. 'Water Pollution

Con'Lrol 11-iinjistrati on.



ITh.T;1i. 1 A1J2,T.O ~i "I."10

StaiLAion U~j~6~l )2pthl ).1.
Clean F5Pnci) va~riamus Color ston)cs, no oltor

Sta~tion Im?60-2 DOIPh 5'
Sancliy E~ravA~..3 £).J.tv ý;toncos, I"ou ) qllarc' 1/2"
thicl:) no olor.'

Station 1.U Z3 1h9
Grey sanJc lC n Co2 CkUoi shdLls, on-ý sludlsc:orai

Dark 8rey silty sand) little aclor
decayed. wocd., re-..! &~ vormas



C0TTA!C~i-D A" ITP-1d U2"'I !U,,!,3')~ XJJ IS"

IN ra!:41' ~Station IW'60-i stat."On ]f'26-

T iotal SoliC .1ý 85. 3h 69 .24

COD! 131,02 ~-~I;33,)23 t/c
Total. 1io-shnrui 9.76 go/K9.'? r/

R111 'tj -23.1 T-ng/'Kc

Or6. 11 206pi I-V/:

Phenol. h? 0. 46 i/Z

Oil & Grca-sc 5?]. 1'(;/1' ) ;>
0.0a.nid/e 0. 16 n/k

Total Iron 11718 1 693i-/j
Cnr3.2 xt/g. 4.6 P, /k3

Cadmium/k. 0'.10 x~Yc;

Viche 1 8.3 T13/1-,237gi

Zinc 27( rvn,/k,

lec ad 9. 4 /]g16roz/k Az

Chronuvnm 9.1ý xm/k 2.( tnZ/I:Z

All rsults zriportecl. on T),:f bas-Is.

N one foarnci



Staton IU? 6-2

',, 0

P11  9.3.
LJSup~indCdl Sol-"s dý 2" g

Dir~ivcd Soids225

Turbidity 00 nt

Rmfs 
0.03 r~3

Chiormic .
2.5

Totall Phos-phor--,,s 
'(.8
0.004

Ore. 11 0.35

O il &nc Grcasc 25 u /

* Yanide
Total Iron0.6 g

C oppe r 0.056

Zinc 0.06
Lead. 0.03.1
Chromium 0.02

* Turbidity is cxpressca In AItA xrijts) eqluivalentl to J,-clson units.

liP- !ot eteted~rihill scnsiti~vity Of te t.



Nf"l? BiI'6-3 4~25 IfectfO~IXat of ond of south pJile pier.

NJAUF 68-.2 lIM-ct-hanriri at oute,_r end. o--: south pIle pier.

hKBu?-Z8.3 l.icfrv3.1.50 upcstream of SrxZ Hiarbor '!arina

W312(-l. j4-aT~ 3-(5' ups-itreari of entrance to b'oIr Thfalo

.arina.



APPENLIX All.

1REPOYPc OIN iŽ ]PG2 OlY, I' L~IVION. OY' WO'.U-1:

Nay 22, 1963

July, 1968

Federal Water Pollxuton Control Adm~inistrationB
Great bal-zes Reý.ion

Chic a.o ?rozr.%n Of'2Ccc



In accorJ,-.incc' vltuh tnaricc'ctk~n tho Fcclerad
Wator Po13iutl ~io Cov'Vrol AchIinit.aio a. th.e UnoLý $tnte
Ar,.Vy Cor3 o c], Zni~nc-cris thcvU tl-o P'~k'a ' ol 'olution
Colntrol Mniij. str&tt3.Inn o c. t~i½ tho: of cc' olu..
tion of bcvtto-n scc'W.:-ants inihrbv to I'e dchr,:acd by h
Corps Of7 En0:,:, ro~Jo t3~iai PrC C'YzJ.l 0hCe
sam~rLC]. Ocolat-o llarboz- on 1.'.Ly 22, 19 Th. poi-nt- ,p2~

rep~~ofV acc'z scdu. for cxigon F, r:-.Fp provicl.cd by
the Coirps of EZJimccrs.

Memibers of the sajrotinG crew vere:

Robert J. Bo-,;dcn -Sanitary EnEgineer
Joseph V. Slovick H 1ydraul1ic Technician
D~aniel Cfnorowickzi B oat Operator-



1.The cdo ! in th- axtca to be! drdzed the iouhof the

Oconto BIdver conlsistl'Thr- or sandandar re~saive3y untro ~llcd

2. The disposrAl of terteilin the one%-n vators of Green P1-ny

,would 1not- !oUOstitutec a seorious source of ohotou rohr pollutllpnt~s

to lk ihgn

* .The v-atcr ene ing ren Pay fron~ týhe Ocont.o River onl 1Ma7y 22,

1968 substaIc-ntialIly zne-t raoci criterila addid. not con~stitulteý a serious

source or polluti~on to Green., im:;.

N2
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Vi curl mt-(P'A

ALP2 A'. obeD1~

~ r 4 £B2 Bt~orl Sonp~ Obstdu
~~ &81 ~iloanSonl ecdf~rjA

STEEL GREEN

U)~~ 
A. PILI

LaB . Lw o.
C, PJLI4 ST2 PFILL o.n,

- ItS_ _ _ _Op- E;.)'llo Sa pl Rolelned-
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SA0LiN STCONCRES
CAFDPRTEUO HEITRO
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STE SHEET Lo\ Rcon.kc.1n



!ibe fiel.d obt ;c'rationm; indlicztCJ th"' t"-sc E,ýO;:-n--t In thc~ arc~a to

be c o½m'j.uAt ccisfs ]?5hrY • nSR P'nCIaY Vury Al luci fa

all. Chrc al. z.11, chi2>;ý Eat Stia OC) 68-3~. i iatdte pozsi~ble percnýlycel

of o~anic n~t "Iia .u tho eclu was very !.nd, an-d did not za1pnc-ar to bo

seriý,oulv'y poý lutcý_d. Sojcveral, PfIsh worý,calvj1-t IL £.).rJni thc Ocoaito

River l~ the Sý1,m))CS WI bi collcctcd (l e Týblc :r). 'The watcer &,LEso

appearoa to be! fi-ce of polluti.on, it was cnevl hna d no Jfl.catirn a)-rae or

so).ias. It had, a vory i y~ bro'.7r± color, ho-,;evcr.

Color vhtor _s .cre tak:cn of ecch bot-Lc',.a : e bere and aEX;

on fi.:Le at the Chicar-o 1'ro-r.:, Office of the Pcdr. Watc-r Po½iaCont:'ol

Adjuiinis tration.

The results or the an-2.ysis vc!rify the field observatilons. Exee-piC for

tra.ces of cosuejr and chrorlxni,) concentration af.l ofT the paraz~ters ý:-re .o;in

comparison vith Eedl,:_-nts fron other Lake 14ichi-,on harbol's (seCý Table 11).

&diensfron, Station OCON 68-1 ivre zanalyvred. This is prest~mcd. to

be the Liost pollutcd area, scheduled for rdaWInc. Percent volatile solids

was very low. at- this point an-! no oil. and. crease or sulfide weare fom'nO within

the sensitivity of the tests. AU of the other pa-ramacters were .rithlin the

ran3-e th:at ind~icaýtes ro)iatively slight. pollution.

The disposal. of this rnaterial in the open v.,tc -rs of Green 3a~y woul1d

not constitute a sicnificant source of phospnhoruis or other pllutants to Iý%kc

lMichic.an.

The quality of the waiter dischargý,Ing from the Oconto River to Green Pay

v-as also che-clzcd. The watler subýstant ially mct the critecria adolptEd byr the



rCaoixu.tý thwa" 0m 2 xcs£' fLcttniC. -b)] bzvtn 11( sco rj'.qn xxY: . i

C11o\53z Vintt all. thccnt2¾u.;e vox- nio ;S.thi CXcQt-- for plic~lios&n

anr.Ion 'a nwit.roaon. 1



M thy 22, .3

Sta. ,. 68011U.2 Dapth 3.0'

Darlýbon nt- b-cr-,c'k sp:ccls -nro od.or



i~:r>c~ ~S'tation OCON

COD J-b'K32 2~~

cya!nid-L 0.05 /k

Sutf ide IIF

Tot"al IlrO! 15&2 rns/!:s

Mil P-c 9 r'ic;/-Zz
Lead 3.8 rcX

-AU rusltz xprLC~l on DP'Y bassis.

IIF- 110on fowcu d.ith5.n Lcn5sitivity of te st .
Is'

(7



1'-L 2 ul

Poara..: ctcr Critcripa

~ŽQ 014 ~ not, rare th'-. 29.6

P11 8.0 wirthin ramr-C '.5-9.0

aux'Tc SOI:'J 0s 3 i./

]);~.o'c Sa.:.).9 r/1not. m~orc thron 233O i%.-/1

ITuxbidlity 0.5 lunit's.>

W3AS0. 09 )~/ not U Eoro tlha-n 0.33

Chlori&cý 6.0 rx,/J. notk- more tUrn 30,: ic/1

SIlfatc 32 tiC/i- iiot rf.ure tlltn (5 r/

COD 5 6 1- '/z
Tote)O. PhosphorvF 0.025 r.c /J. noL nmre than 0.033 rz/2

IU13-I 0K:ý2 I'd) noL vicor tChan 0.122 rie/I

v C)2 - ,10, IT 0.0-3 1 1j/

Or,3. Y0.83 rFC/i

Phenol 9 p.Z/1 not. more1 than 5 ;.'d/

Oil an- Greasc . r.,./1

Cyv.n icl e I U not, mo-re that'. 0.1 i'C/1

Total Treui o. 6o rnz/l

Copper .32 n,,/1.

N~ickel 0.08 IrL&/l

Zinic 0.07 ~/
Lead 0.03 Z/1

Chrondun 0.02 vC/1

i*Turbidlity is exp~ressed in APILA anits, eg.iaetto Jac.-.:soll units.

-F not detlected within sensitivity or tes..



Sta. 00168.-). ICY) fect suhof flo--1h 11icrliezil Li.~ht.
,,,t. 4111c)531-57"

Stz. C)COON C--2 903) f'ct Ccc~s Of flor'Lh i .erl..cad Lgt

LonS87.At.'
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JULY 1.1)96

Fede~ral Wate-r I'olluA en Coc:t-ro2.Annsta o
Great Lakes flegion

Chic.cafo 1'crmOffice



nacraceC V Iit a I gre I I bctlw,ýen the, Fedo-ra)3.
Water Pollution Co.nt.rol Aftnitato. nr the Uniitedc S'~EsLFC,

AryCoiJJS of .IgLs;r tLteY'cecra3. WtrPollution
Control Adiitainw2d(~LC'~Ctheý caecOf pcilhl-
tion of bcottoscdýi :Žt in hactrbrs to be rejc by theC

6 ~~Corp!; of-l t½ 1-3 l~C)1V1 f~C:! c<oPr Office
snfled enscuu-ý-Oe n"1IamoŽ on I.'-y 21, 193 p o-int's s.

Plea. reo~rosentarasseeiLo for O~e~ ng a2 mitpl pro-vide:d
by the Corps:,): of]b;nr.

Ke.,abers o1L the sampqolllý crewt were:

Robex-L J. kimu1cn -Sanitary Thicineer
Joseph V. Slovich - Hycx-,U2c Tehe1nician
Daniel Ch!,oro-,Ieki -Boat Operator -Sampler



a OILsai . t'I~n scr; s .Thy carc notU :ori~ousy pallut-cft but have

ofN)Ca.k;

2. T -c c~tc-.ý c ',c iný, ry ',,Il PoisclO.rc!llic)I
masoabl- ci Pl 3.98 a(! d.O.ilol. cns~t..iut4

a rnijor ~t~re uron t



-. ,A IC A7'10

0l4 t.1 O f A .,f1
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Ih d~c) 1b Cv t~~ ~r.I~K(ac *t th Io: cI:cn in Uic vxrcZ.'

~c~1c~1.LC)' ~~Q~r~ a Pcscu11cc 1Mar'uor' cownj..t- of a darn: brwv.ri sandc wit.1l

zocýe nill and t ittcy i!%!.y be mucJcratcly pollutedl but ere not hcavil, poll.u.-

to(! (feco Table 1.). The C~~-thllsa St-,Utijon: PY;MS 68-1. and! PI11S 6S-2 coull

be favom pcO~iuLio' tcl-.Iný!A or po~2l~uliomi FcnsJ.'A-TIve S1C:Cs n '.-ny easýe theMy

arec~vc~hcc hettheboto. 0a.KIs ae nt a se~ou).ypoliu.tea. as a' some

* othecr harbor:.- 6n I.' 1.3elch:i-r--an. At, SctatU.or Pi7:" 65-2 a four-itich bull-head

VIas Ca[ui'L,h inside or thc 0.rc0d.;e. It ý,as i-elcascdv"eJ .d ise;.m ach

vevea'al ot-her fis!h whil 68-'~iv app!arc

*to b-- th'a nost pol).utcd. of "he' four poi7ntsý obscrved. A saample 2 roxý tLhis poi~nt.

*was retainedtc for vcnJvsist. Al. St%-ation 1'h368-4 t~he botto:-m co.nsi.tcd, ojf c).can

Col.or photoyan--rihs w-,r,ý t.1Al:2n of the, SapC~sozer.'cd at, each &-tation.

The~se pliot~olram~hs arJe on f ile at, the Chi.ca-o Pro.z'an Office ofL th-ee alWte

Pol.lution Contra). AdiiAn sti-ation.

The results- of the analyzccn confirincd theý field ebservatJions. TheseI

were noderate conccntrations of totkal phosphlorus and ELi2ionia nitro-con, traces

of Copper and chro!iurm znzid a hizh concent-zation of sulfide. Lower c~oncenturp-

tions of COD, 6rgEan1c ni.tro~cn, phenol, ofil and greaso and total ir~on were

foundl. No cyaniae was found -within the sEn2sitivity of the test. 7hese results

iiiclcate so:--:, pollu'uion fro..i do7..,stie scau-ee-s but no ind~ustrial poL-lution.

7he vater quality at the -:.r.)uth of the Pensavl~ec Prvcr substantiallv i~t

the criteria r-do)+t--A by 4--- Calvu.c"t Arcv}foc::n Cvnerzee.ý for inncr arr

basins. It is rcco:,n.c-d th?.t these criteria can-not be officially applied at



]~cnsauhec harbor vncl theoy t~rc wsc'c. t~hcrc il foreorcis1±ndclw in

purposes onl))y. tilble III show;s that Q-1, of' the crtri crc zteýt excent, for

di.ks"olvcd Esolid~s Cand ulcim1ia. F, On I.'cty 21, 1968ý the v.rLers clis charcing1) to

Croonl Pay VICn thePcsai -c lye did not constlitute a rimjor source. of I

Poillution.



Dzti?/½61Mc

brown 2kll 9CZr

stai. pmas 65-xp 7'ptho6r
]xaz'k brcvrn sl y s.n; e).ainIshIeP-lsc 1- tb ot r.

Ste. PENS C'S')'- Deupth
Grey lbroacslt san c2.c' o@,Or;

sta. PE~S 015-3 ])epth 4'

Clean fewt h~ sluteý-worn; no odor-.



COIJ!'ECT'.1) AT IT",~:P U! :"J~ pl ai )9ý

C!~o 3?3 :-

~STotal Solids645

Tot'al 258 v>rl/l25

59.5 r~h

"'0-1 5.0 'A

0r~~. W 2.155 u/k

rheiol 0.7(9 yr.z/ 1 ,
Oil f& czcac 976 z)
cyanidcV! IT

SUV i(IC105
Tota 1 Iron 4i585 r./P"
Coppnr 24 h-,I
CaýCL-- I I i .80 rn./Izg
Nickel3 22 rZk
Zinc 15 mrg/1'.g

Chro~raiiwa 20

All re-sul.t's rcportca on Dr-Y basis.

1WF Pone founda within sen~sitivity oIf test.



0' 1

8.6 w~ithin arnneý 7-5-9.0

J)i s C)1'. c.d S 0 .i d r 313 liký/.l not rnorý thnn 2-30 1~/ 11,1
Turbidiit-y 1.5 vnit~s'

IWS0. 10 rc/.not ricrc than 0.'30 22/3

Chiloridci (5 1 r(ý/ i not ir~orc thanl 130 -L

~ul~t~e33 nz/ not cr t 75 w/
COD 52 r:2/

TotaL P~hZn 0.03.7 M13/1 not m~rc than 0. 03-'~/
13I0. 09 ri&/i not m~ore than 022V a2ý/J.

Orc. Ni 1.00 r&.1
?hc~ol .9 ,/inot nmorc than 5 'd

Oil and Grease 2.9 mZ/l
cyanV~le not riore than 0.). r.l,/X/

Total Ironi0').r/

Coppe-r. 0.1-6 m-~/1

Zinc .0.05 ne-C/i
Moad 0.03. rc'/1
Chromium 0 .0 R ,/-I

*kThiudicity is cxpresscd in A!}U. tnits, eclux1valent to Jackson units.
NT not dtc:'lcted within sensttiJv ity of test.
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1ll.'2O1~:' OU; nj .i' ])i.';•?:.;-" (-' } IO AJb.::O;i Oij' 2?..r'J.'ij:,

July 19S8

F~ederal Water Pollution Control MA:inistration
Great Lzkes Reioon

Chicago 'oro.r.:1 Office

I'

Si 79



Vlall c-r llll' 17. 1Z h..< ;-I t nc i the Un'iLe t ac t -cs

tio' of iz(7' n *,, ":*'.-i'-Z to I':! r~c~(7 by hc
Con)"; cif 1 - swz C).. 'Uric C*"12,Cz,'- c rO lice

" "uax~ li c '.iUvt r on ~ 213 )-, *V. Unc I0.L" ~ 2'.~~
rcp~..eA c~'~o c"c'~r(7for 0.-1 a~ .Ir.; p".'Ov~clol by

thc Corps of )ýc' r~

Yýornbcrs olr the sezaniznS c re v we re:

1RoberL J. Bowdein .. Sanitary En:;ineer
Joseph V. Slovick -Hyclraulic 'Dchmician
Dn-nie). Choro':Ic~d Boact Operat-oi' Sam~ple r



1. MThe bcvctcnnl5,:Jil.Žl. inl the area to) be c dý e in tin- Fox

2. Thei, cbrD8loPti .uti.5a in o":-n le :ervCMcon-

to tho :

3. '.li ;mt )s 27( Fox River ene ;Grc-en 1--y consititute a

signifi C2Itl ZO~C: f olut

II
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AR ~~~~RE TOU BEt TODREDGED'4Diu

57X 68 BOT01 TAPL OBSERVEDWTE LV

AT~1 88-1E PCIIJT. SAMPLE RETAINEDSAS

AR REERIAIL CTEDTO LOO ATER DATUM)
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CHICAGO PROGRAM, OFFICE
CALUM4ET AREA SURVEILLANCF UNIT

GGREEN BAY HARBOR
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SAMPLING STATIONS

U.S.DEPARTMENT OF THE INTERIOR
FEDERAL W'ATER POLLUTION CONITROL ADMIN1.
GREAT LAKES REGION CHICAGO, ILLINOIS
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'The i-e.d 0sevato1 'n' oc."h OC thec four pcAnits oY'-scrve&l vithiii1

theL area to beC drde "caeLa he: seim ts re se-Vcrc).y p).t

AIT) oil thin neACh;v ra u.1, grcy-bro;.t, and cotindfibrous mtra

fro i 1))'itll ~ s.The only 11hfound on~th buAtton V-x' fe;

slucge E.11i atStvio G'Y CSi.Thelrg 31.Csh) founa at this, pcn1;t

ttppealcl to 'er0 us Po a passýýingr ace.

II ~~Color htgmsC l :eCMe V CJT W- are on. file at'v the

Chicag1-o Pr~c-r:-,Ofc of' the'cerl C! tY o)uio oto T~zncxin
1. -1-' c al c.t

7ho eut cif tGhe bnis na- of the bottom a"S ~21

Stlation. GrIAY CS-0l on- r the -fic-ld oAellios th-ii e~Kr

meýasured ini vl ha-t the Fo~x ILiver at Groa~n lay is one of'Items

sec'vrcly i~i.tCharbýors; on aae~tnga.(e ablc- 11).

Disposal0 Of this maeilin Lake olici ,- c' the op-n ;rat-crs o-: Cnvcn

Bay wou-ld constitute a serious, source o-Jhopors r~t~ro7*cn and othecr

N polluta-?nts tU'o the lke

Th& vate-r atStatIion G}'AY 63-1. did not- me~et se-veýral of the criteria

established 'by the Ci-tArea Bnforeerniit Conferees for Innier Harbor Basins.

It is recozinizc-Ai that. these critecria cannot be officially applicdl tLo th 9 ,

Fox River at. Green 1'.:%; they are. used herein only for comoa-rison arnd cvalua-

tcon purposes. Tabule III shovz-; that wirsfor Di-sszolvedl Solids, Total

VnosnJAtorus, Anm-aonia Ilitiogen Eand Phnl eeeceede~d on K.ay 21, 1963US.



],'~ay 21., 196f31

Sta. GPY 6D-1 I)Lh 22'
Grey-lbro'. m slno odor),., no life

sta. GinXy 63-3 D.opt~h i6
Gi~-rc ': I;ft, stro2:s of rod la, f-ibrou

odor, 'iburo-ýs r.{crano lifc

s-t. CBY 8-hpth 11'
SandJy silt-, c:shlsand Jerns a sholls.,
pro'b~tb.l dux:pod frona boaat



Ila

COD

Phc nol- 13.5 11,/1

Oil c~nd Gcc-6&18o :;-

Sulfiode 231; '/-

Total Iron )52~ :./k

C~~o P. 1") /1 0'(
Vic,:zC).58 nc~zkg

Zinc 25). /k
Lead 158 r~3.

Chromiwui 14]6 /k

All rblstr'elor~xc onea-M tEo-i.~z



¶i~. 0C 16 not rlon:o th~n 29.6
iI8.2 witChin raýnfo 7-5-9.U
Ss~r Solcl~;19
Di~~ilSoJids235 nc/ not% -. oro Ichan 230 /2

T~irbic~itv 9.0 nAs

0.00 n/J not norc 'thun 0.30 r./i

Chloridec 8. 5 ninotL- morc tha,-n 3O mnj/i
ulao23 11/i4Uo norc!. than '(5 v-/I

COD 30 irc/i.

Total 0.shCŽu O.JO01; / no, raoro- than 0.033 rC/i

IfII--110.22 njino't raorz! theri 0.)22n/

140-111-3-11, O.Uo6 mn-/i

Orzg. AI 0.80 11/i

Ph~noics 6Vc~/1not mrnor than 5 /.

Oil ImeL C.-r'iase 2.0 Ir1

Cyan 1ch IT not. r-ore t1h-mm 0. A rg/1

Total I~ro-. 0. 54 r-.3/)

Co -'r 0.17 Inj/

Niclmli 0.06 rG./i

Zinc 0. 03 nj%/l

I,--ad 0.01 njz/i

Chro-Aum 0.03 rz/i.

4*Turbidity is expressed in tAPILA units, equivalent[ to Jackson units.
I& not dcetcetca within sc-isitivIty of' test-.



sta.. c; Aýy 63- Sii~hn - P, fzvccm u c-, bvcys 13 nJ 2

Latx. W£l-2G'?-).33

St. Gi3A .3- oll1-h:;%1 703 fect do:zrci~fl'2 btuoy 1.6.



¶ kAPPENL,,iX A i

RrPOIU 01i~ Vit.; OL~U F POLLUiflIC)I 0P BOri0i4

Ma~rch 29, 1968

April 1968

Federal LWater Pollution Control A&-3.nistration
Great La~kes Rc~ion *

Chicag-o Pro-i-av. Office



In accoclrdrxce vlith an ~re,,rcc-c.nt be~tv:cn the 2'cccral
Vater P01.11tion Control ,ILM:,'L~i;.tr,-,,rat.4mori an,! tho UniteL StatE
Arrmy Co-rpis of L re~that theL Fcdcz-al l:ater Pollu!-.S;j11
Cont'Urol Ach-inir;,.tr.aLi on w:ou~ld doeriethe of 1&oilu-
tion ofboto mr'rt in hmarbols to 'be drcr'ed by the
Corps of Eng-ineers), personincl Of th1, ChimcagoPo0~ Office

SfWJl~l aukeC"ý,*ý Jinm!ýoz',oni~~c 25), 1068. Tne points en
pleft represent E-,ares schcýtuLOc, for di-,:i~rE on a n~ajj providec.
by the Cor-ps of ner.

Mem-ibers of the sampUnS c-rew were:

Robcrkb J. Bowd~en - Sanitary En4,-irccr
Joseph V. SlovIch - Hydz-aulic Technician

Daniel Chorowieki. - Boat Opcrator-S:Lnso-per



1. ~ ~ ~ ~ ~ .Th rtrn.iod h ar,!Žor is ScVerev., poluted C'Id

should not- be dirposc~d ol inll~h Michic-,an.

2. The matcricAl in the out-er cha-nnel) o^-.L the bc-er,--Cter

1iG~ht $is not Sevc~rc)l pollu-,CdI.

3.~~u Th Etrial &Tný both sde s of the hlarbor hnelcn

tains a ).arze nw-I2r½ of' roehs thet'- an, itl'y caý::.2 from the breakwxater

or bu-Ulkheadl and foe irer muaterial whaichl has bcer. alffected by

Pollution Lro~m thc harbor.



It)L 0

: t o to~
lu > '. 

-,

> ~~C) C ~
M V) CC

< LL

IU- 
0

('1 
' ~*. .- '

0c'I 
J

E:ElE-ý

)E717 O.-1 El E F-

E--- F-A \L~ ElF F-]17 1E



Vile bo"tto;,A 2i the). o-,ter harl-or csi ofls.,ht bro;:n sand. thut.

aid not arcrto Ice polued nTis eutare z, the rewult- Of

at survey rIadeon OiMa'.y 1.5, ).9&'D,.

Thebotominl the! areas: t~o beCc! sci abort th north andl soutýh

walls Of the harebor eaelis covered! 1,ith large rocl:s. Three atmt

-were raOde at eachi o-f tliX d~ifte!C-4at poi'*nu 6S-2 thnra WauŽ'. 6P0-7)

to o~bta-VinI a. :;l.One ligsht bro-ova ro21k, 3" in: dize',MVs found, at

stlation Wok..:. 6S-3 and. a largec flat rock uorA-itn 12" 6" X

thick, was found at stat11iona 6JC,96-5. Both of these ro2.ts ppe to

be Of the ane atc'rial- tha-t make~s up the breahu-,ate-r and bul2&.Iead. The

rocks.f on tLhe bottýo:: t21Ce it U=Oossiblec to collect a sa~eOf the finer

materials vith the eqipet vila-ble. Samiples Collected. On Nay 15,

19057 near statlions Wal:,cw. 68-2 aznd. Wault:. 68-5 indicatecl Pa dark. grey sandy

botto:a that had been affect-ed by pollution f roe the harbJor but was not as

NPolluted. as the hat~bor bott%-omi muds.

Five sazmole:s colctdr-C.hin the harbor anppear to be heavily

polluted.. (-stations Wauk. 68-8 thru Waouk1. 68-122 See T~able I).

Discussion of Le2ýboratorv Results

T'he laboratory r:esult6s confirm the Lin'1 ngs of t'he field oboservNa-

tions. At station 68-1 (see Table 2) the hiC~ percent solids indicateCs

a rell-d~raincd or sandy sapeand the low per-cent volatile solids

indicates, th1at there is little organic rntil



vitw3:. 683-)p) hUVC .a 3-0.oz1~rc~ Of rOMAST t:,%d EL~~h1cct

o~f volatleiL niý, i ~ca J.w aý IL f ler r,"J~oe3,D0. v~i th inore orar,!11c

phroiOl E11A rrcz.,;, cy&ýnidc, SUlIdeA, tot.al iron, copler, lead

tandci- l Chc all. , PTC 01). hjhe r inzsid.e Uth. harbor. The-

diSJ)OýIal or' yaterS'.a). rC11'zcd fro.1 vithin tho arn in Ioi:c Mcia

wouldl ada su:t!aiK n~mnts of C~int ndl oil anld L~raso to t'no

lakhe.

Water sa-upl)es colJlected in thc hazbor (S-ca. ~af.68-12P) and

the chcann~cl (t 61,_r ini-~ t I hr ~ n djfer_

once in vwater quzallt'y bctxwcýcn theto Poin~ts (scee tablec 3). The qualitY

of the wtrecsthe criteria for innnr harbor- basins etliedby

the Cvlvu:;et ArCL Enforccr-.ent Con-feronce except _-'or ttlphosphor-as andl

ammonia nitro.-en. It. :L _cconizsed that those critcria are not official-

ly app2.iczable to 1,au!-.c.,an 11ar'bor and.a- usod only,, for the purpose of

evaluatinG the quality of the ~rtrin the harboor. The quality of the

water is generally sat.1isfact-ory but acldoa us be teahen to reclucc the

amiount of ph-osphorxus reachinz Lako M.ichizgan fz-.). Wau:QL-ean.



110 OýCO3. suvcft ~axiz for I4S.

St. al'. 68.-P Dopth 8.5 iec-L bo~tc,7 ihcrcl, no ;az1e ftr3 dils.

Sta.Wuu~. (83 ]ptll 3.)1 fcct -botutom hai'a, one '~1 r~ rock. in
3 di-Ps.

6t.V~~ 3-h Dýptlh 13ý fccokl bottom:ý haitrd, no an) c aft Vr 3 &tips.

Stn. 1%ault. 6e-5 DI~pthl )-),, fot -botto::m harcl, ono D~r 0 roc;%-o A 3 dr~s;
vauter ta::uc taen Vo indicatQ qjuality of 11" rbor cluio2uc..

Sta. Waul:. 6-9-6 Dl- _)h 10 'Lootl - b ot t om h J ;110E;n sc7,1c cLfoL cr 3 dip s .

Sta.Vauiz. 68-7 Dpth 10"he - boltto-i har"d; no ta'1 cfter 3 elins.

*Sta. WavK. 68-8 Dzpth 1-5 fooct - e-Erh 6-my oily3,, sii ]. p etroleirl a odo;
s~mplc rctv5.nced for laborao-.io' analys is.

Sta. vWauk. 68-9 Dzpt-h 25 fcc!U - dark £~rcy-broc\.n silt; scinz. sand Enmt lewess;

Sta. V'auk . (8-1.0 Dospth 25 feoot - dcarl- rgroy silt; litt-le odor; s1cretpainecd
for laboratory analysis.

Sta. Vl.608-11 Depth 25 -cet - dark grey silt; 1i-tt1- odor.

Stýa. Vault. 68-32 D--pt 25 fect - dlark, grey silt; litt-le odlor; water sam.ple
co).lecteCI t.o indicat-. quallty in h~zbor.



11.7*01y Os 0 ý01! S, I' 11

stati~on Wu.6.. uk638wal"%. 68-)"2

5 Volatil Sc.1ids 2.1 3-h.2159

T. Sol. P."Ospjhoruz; 1.00 1.47 1. 64
TOtaL- y 171j 856 1070
COD 3.9, 1CCJ14, 0 157, 003
V11131-11 16 1-06 183
110-11 P.3 3.8 2.5
Orzarnic-11 310 1,253 1,637
Phenol 0.2P-52P 1.57 1.1.5
Oil & c'ca-as 1003 805L 11,093
Oyanimc 0.15 2.5 0).68
Sulf ixe 1.96 '(0.0 110

~o-1Iron 7,420 26, 400 25, 400
CuX 65 46

ca.
via

Zn 81 200 297
Pb 15 425 837
Cr *62 h

Resuttlt reported on DT bzas is

*Indicates none fowa rithin ser'sitlivity of te-st

7

7.>-. -7



St~d~on V 6'11 6-5 63--.p2

il7.5 8.2

Sa~h~c. o~i~2). -
Ti~rb..cUity 9.)" 5.3

Spe.Cn&: ~~zc330 3110
T. Sol. PihospýorUs 0. U10 0.05)8
Tot":L. PhO31jho-.U.s 0.09 0.092
COD 23 206

103Il0.39 0.31[

Or ;ýn i c-I 0.36 0.53
Phenol (vV/).) 24
cyainsidc 0.01 0. 02
Tot-al. Iron 0.2O 0.33
cu 0.05 0.02

E i * *

Zn 0.04~

Cr 0; 02 0- i0
S04 0.25 0.27
ci 7.0 8.5
I4BIS 0.10 0.12

Indhicates none fou~nd vithin senisitivity of testu



J/D AUX :' O ":C' }3i/:',. 0',0 2.

larch 20), -9

S'tta. " r ,.,-. 3.... ] uter ha:rbor 11501 south o•f b.'akv:tc:• 1ight
T)t 1:o-2.1 -40

L%'. jt. )120-2011 ;'
TlOfl. 8yO..!;3'-3Y''

Sta. .'au:. 63-3 .arbor cLLnc L..0 feet from:l north bu.'.,-i.(I

Lat. 42%211 .°i-40"
Ion.g. 87°-;p..% '-9J

Sta. Wa.,. 69-4 chanwoor camiJl 10 feet fro. rort-h bu2._hc•a•

ha. '2-231' -!;0of,

Lons. 87o0-))'-03"

S+ta.. Wa',_.u, 6-!5 IIaztrbor cha'mn-. 2.0 feet fro:i n'ou:k buc'h el,

Lat. 412°-2-1' -39"'

LongI. 87o`4,9'-03"

Sta. 6a0'. 68-6 :arbor charnel 10 feet from south brealkwater

Lat . 1120-21' -3-9)"

Long. 870-103'53"

Sta. Wt-d. 68-7 Yarbor channc.l 10 feet from south brea.vi,-ter

Lat. -42°-21'-39"'

Long. 87o-48I-514"

"stta. Wauk. 68-8 Wauk.-gan Tiarbor 20 feet east of bulkhead at foot of
Clayýton Street

Lat. 420-21'-45"
Long. 87o-49`'24"

Sta. Wauk. 68-9 Wau2,-,an Harbor 20 feet southeast of corner in bulkhead
at WauWtegan Yacht ClubLat. 42o-21 -lip"

Long. 870-49' -24"

Ste.. Wauk. 63-10 Wauke3_n Harbor 200 feet east of bulkhead iLat. 420-2!'-43'!

Long. 8y7-49'-23"

_ _._._.__.I_



sta. w~ai.u. 68-11l a~c~~ Tharbor 3DO fecet southoa;t* of cor;-c~i' in bulkhcacl.
rtt uca Yz.cIIt. Club

Stcx. Wal.6-2 aulh,-an 1I-nr-bor 350' east m^ buL)tl,-ad
Lat. 1120..231J 3 "

101



APPENDIX A 14

Ma~rch 29, -968

April 1958

Federal1 Water Pollution Control Ad.-j-nistration
Grcat IPtIes Fe~ioa

Chicavro Fro~r~ra: Office



Xn accorcTlance N7-')th an~er~ctbten the 1rcc.,,ral
W.atecr Po.) lut'ion Control Aý:igratý.!cn nnd thce Unitced St~atcs
Arr.iy Corps, oCr InJ.nccrs that- thc FederalWct~ Pollu!'jcn1
Control P.iit~i~ :~ ee etile d~cfxZO of 901llu-
tion of bot to: i sed,11x-nts in I,.-rbors ta be di-~c b h

Corps o: Fninccra, pe~on of th~c Chica~o Pr~~iOfficc
Sampled HTuei'n}arbor on IMSarch 2-) 19G3 Fh ont a
pledl reprazcntý -ras set muCleýd for dred"in, on V. r ypro d&
by the Corps of EFv'inecrLs.

?4erabers of the sz plin,ý- crew were:

Robert J. Bowden - Sanitary Fn~irneer
Joseph V. Slovicl - Hydraulic Technician
Daniel. Chorowrichi - Boat Operator.-S~pler



1. The maeia.Tside the harbor is severely pollutced enA.

shouldl not be disroecd. o:L' in Inhe,: Michigýan.

2. The Jaeia n t~he outer chfnnlfll offh the bre,%akwatur

blight-l, is not sevcrely pollute cCL.

3. The rrate-ric-1 a2o.ong botýh sidecs of the harýbor chne.coi-

tains - alG )n~ ubrOf i-cols the.t. apjarcntlly erl rom t.he breakw.ater

or bulitead and. some.. .Liner riat'erial whieh has been affected by

po)Jlut-ion froma the harbor.
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711 u ) )tto:Al 11 'n ~eoW'b''o of i'tbr;nscr that.

p2)~b~ c'3~tt~ itothe channCl4 fro:. otherJ C)"m02 the Lnc.it

clid not v.pc?-er to bc polluvtcA, ITnis reslta-yesU , thec rersu~lt of

Thc bolutua:i in Vhi~c~a to bedrdccAalý the ort ~ ot

,mals 0-7 the harbor cme.is' co..orccl v-1.-11 D'll, ' ro2:;ý. 7hreeatc:2

wore, nade at ceach Co2 silx (lifICreiLt point's B\~. .- 2 t0hru ri: 37

to obtain t. OnA'.Ce 1 tbro-'an roeh!, '~ in fi~t~,v owuA a'.

~ttinlv'au%. 63-3 'Ind a )Pr_ -cf3at roz ~2'W..o~1'X 6' X31

thfcund all, cit stE.ion I 35.lOth of thebo rok' F-r:Coar to.

be of the r,ýn iuntcer-in th-it em2-ces up th,- brQEah;:at'zr- ancl. bulkhe'-.a-. The

rochs on thc! bottclo:. r.,,adc it iosbeto collectjv a snŽcof tho f~ne~r

riatkericils with tI.he cji:ertaeibe.Sam.')Ics caeo~leced on I.ay' 15,

19057 nerstztions C 68-2 a-A ':ac k 68-5 anlene dazrl p-ycn~

N ~~~~bottona that had.r beeni affected by polluxtion from. the hazý001 butll was not"- F.S

pol)u'tWCi fts t"' he aluolr IbOI-0i. ljuas.

In've rapiiples collected writhin thw hailbor appcar to be heavil.y

polluteol. (stations Vaul-:. 68-5 Jt-hr-u WaA~. 68-22, See T-able 1).

Discussion of Ln7bor-'ory P.k:sults

The l-abor-aturi resu~lts confirmn the 4.L th fie2.d ob0scr-v--

tions. At statLion 68-1 (-see Table 2) the high pcercent coid~s irndclietve

~ v~l-lr ~cdor' scanrc,r s-½and. the lo crc -ercnt volrthUil F~c,1a 5

indicat-en that thlere is little orjanie tr.Atcrlal

( 4



n ij c stn3. ro 1.ecA. io%.l tCOT), trc'(au..(3-

phnloil roandgvs oyn-:usu,,C ,st2.Ci -OLC:! to)ý .ttX iron, c:cr, lead. C

a~ndchr:ffu 1arc P0.). suzat.Ol ~hx T~Wteharltcr. Tie

dipoalof rNatcria) 'Vdedfa wt il te ha§)r In TcoIih a

woiild ad ubtr-Nalcout of niu'ricmts cad oil andAges to the-

lah.

Water szŽŽT).es collect-edI in the; harb--oCr (EaW1O:6- 0) n

the ehrm!!e.! (Sta. (-) ",.e b ~~a no sttnildf~r

once in water qualtv.11y bo~tx-ccn th-e tvwo points (See tah).c V). nQ quýality

of the vater-y.ýects the critecrian for inner harbý,or bain etta-blished by

the Calwvnet Area- Fnforcernent, Conferen"ice except' fOr ot) phosphorus anld

wanronia- nitr-ogen. It is rocognized thatv these-, criteria arec not official-

ly applicable to Wak lc ar~bor and tcxv uzdonly for the purpoSe orI

evalutating, the qualityLý of the watr in the harbOor. The quzality of the

water Is generally satisfactory but action nuzt be tahP.en to reduce th,4

am~ount of phosphorus reaching; Lahe Michig.ani from Wuea.



sta. ~ ~ ~ r IJi): 68- l)*ýI fc'3 *t.V!,ý sa. n , bp~c

no0 o~loa' 5:1 :,1 of:'';

SO.i 6ok 8-P o;U 8.5 iku~l bo'Lt .Cn, 1 no) r&le atr3 dp;

sta. 1knfl:. (- pt13Cot ot..ih. onec rllbo~ ro-ck in

Sir. ~ui;.68-k epth13 fee-' - bottom1 trtrd, nozv:tlatr3dis

S'a. Vztiý. 6-5 Dpt 11k foot - boC"Altin hnrd, oneI Thceiok in3cp;

Sta. 1.1,u". (R-6 Nepthi 10 feetc' - bottom-):, hadni aul afteýr 3 di'ps.

S-tv.Wu. 65-7 tptýlx 1G £-fcc " - botto hard.; nosa0 i after 3 6dins .

Sta.1kf.6- Deptýh ).5 fet-dzrk Ureyoily C)..silt; sli-ht petreletan oW-
8P I~e ret'hc, .n f or laborato.r 1y a tlsis.

ksta. ihn-l:. 68-9 Depthi 25 feet4C R akgrybo A i2t; so;xt sanI ndlevs
)tleodIor.

sta. Wu.6-a Dth25 feet, -L'l dar ýp Silt; little odlor; scleretained,
for 2bowryana)lys is.

Sta. lPaul. 6S-11 Dt 25 feet - dark Crey sl;lit~tle odor.

St,%. Paulý. 60-32 Depth 25 Xet` - dark gre-y silt-; -ittle odor; w~ater sanilelc
collectedl to indaicate quLJ.ty -n hFarboi .

NT



7S t ),I a: 6 -ww.2-Iý

7PI. . 9; 3) ýG;. 0--~~,,\.C(i J

32.d .o SIP 34.

10 1.~i~ OD2.C 1-4739 14. 64

To~tsA Phosolhor~s 3-.74 8G 1070
COD 19, .% 500 15T ,000

* lI3116 3-00 13.
2.3 3.8 2.5

* r~c-i31.0 1,253 1,68-(

Phenol. 0.252 1.57 1.2.5
Oil- & GaaC 103 co0']. 11,093

Cn:Ls 702. 1.5 2.5 o.68
S1.96 70.0 110

!i otp). Iron V-'120 26,O00) 2 5 ,J1.
cu *65 46

?3n 81 200 297
Ob 15 425 837
Cr * 62 44

Results reported on DIF- basis

K Indicates none found 'within sensitivity of test

i
i
e

, 1'
7r



OfiLtT'10: 6F :J )-:s ?W '.2 /cr1c

pil 71.5 8.
ýEIm 99

Disso).vcc& soli-Is 193 P01

T~r~.city9.14 5.3
Spec. Coziduc Lnice 330 314o
T. Sal. Phospjorus 0. 0!ý0 0.038
Total. PhospIhorw; 0.096) 0.092
C OD P3 26

N11-l10.38 0.77

"0-10.39 0. 34
Org;anic.-! 0.36 0.53
Plicnol (UL/)) 24

Cyaniele 0.02. 0.02
Total Iron 0.40 0.33
Cu 0.05 0. 02)

Zn0.014

Cr 0;02 0-.i0

S04j 0.25 0.27
Cl '1.085

?.tAS0.10 0.12

*Indicates none fo-xnd irithin s'ýnsitivity of~ test

T
8_j



T yIrjT 0: OP "r! ro':':~ v0:iiI3

1'arch 29, ).bYCC

s-ta. 'V:'V&cr arox I-. sokith c)-: broal1,,.atcer 2.iuii

Vta. ~i2*'_ 63-2 Pharbor 0)maine 3.0 fcet fro:.- norŽ"h b-Liea-,C~u

SW 'Ml. 0 6-3 Fai`or c 1n~2 .0 feet f~rom~ north btkca
LaL. 1:2 o- 2 31 -4J0

StaS. 0a~ 8-!i, Harbor channol 3.0 feet from rior~h bulf-hecad

lion3. 870-IV-03

Sta. Wavk. 63-5 Ikarbor channol 1.0 feet from~ rsouth broakn.:ater

Lon3. 870-491-03"

StFa. 1:atok G68-6) Thrbo:' channell 10 feet from south brea!7,;ater

Lon-. 870-hB'-~53"

St~a. Wa2.68-7 Harbor channel 2.0 fee'- froi-a south broakw7.ater

LonG. 870-118I.- 5 4

Sta. vatah. 63-.8 Wav:c.-an Har~bor 20 feet east ofr bu~lkhea& at foot of
Clayton Street

Long. 87-1,9' -21,1

Sta. wauik. 68-9 Wau'ueg.an Harbor 20 feet- southeast, of corner in bui2~khcad
at VWiu3kegan Yacht Club

Lon~g. 870o-49'-24,,j

Ste.. Wauk. 6-3-10 Wa.x'.'egan Harbor 200 feet cast. of bullkhcac.

Lone. 8'(0 -49 ' -23'



* ~ ~ h\IA. ~3.)1~ a~Ci;CII] or 3(3£c~ ~ *r; fcornc~l in bul"Ca4

Jut.t

* ~sta. 'a. -i? WuLfl1rbr350' cust of bui-hc~ad
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APPENLjiX A 15

RMPORT 0O,' '111), 0'1,i~o:' EO1A.C~:C011; OF B3OTTOM'.

Aýpril 24, 1968

May 1968

Federal Water Pollution Control Alministration
Great Whies Pe~ion

Chicaro P~ro~ra'i Office



In accorOdanc irT.t1h. an PaCrec,-e-nt- betvecn thc Fcacraa.
Water Pol.lution Con'ro1 diisrto and the United 'States
AivWn Coxps of' Engin-ers that- thc Federal L'ater Pollit ion
Control Ad.-Anistration woulcl Oct-rn-ine, the deL~r~e of pollu-.
tion of bot-to' - scdian~r-tr in harbors to be- &re::ded by the
Corps of En~rinecrs, pcrsonncl of' the, Chicaro Progcra-m Oj'.Iiee
ramnpd Keo~aHrbor on Apr53. 24, 1963. 'Tre pointn'-F sern-
Pled rcpresent. vaias scl-ctu'hd(C for c~dxC&rin" on a nalp provided
by the Corps of Enzinaers.

M~embers of the s=mplirng crewr were:

R~obert J. Bowden -Sanitary Engirmer
Joseph V. Slovick - H~ydraulic Technicia&n
Daniel Cnoro-,ricki - Boat Opýerator -Sampler

Steven Pardieck -Engineer



CNCocLuSIOINS LE*D 16I>'cO:P<MTATIMiS

1. Ub cre haE, boon no serious shaalin- in the arev. inaicated, for'

rrvailntý.-ancc dIrcd2,L;n: and the- vnýccX for sucýh dred-Inr, should be invCrtt~r,,atcd.

2. Thec clay~s on thce harbor bottomc),. shLow rioderate po:llution froin,

p)arai-mters indicati.nflZ ýidutrial vastics butL- do not cont-aiih hi.,gh concc-trations

r ~of nut rien.

3. The viater enteýrin&n Iaz't:e- 1ichf.t-cm froni Kenosha Y]{arbo-r 7.Nt rasonable

criteria for inner harcbor v.atc-rs ancl did not constitute a serious pollut-ion

source on A-pril 24, 1968O'.

4&. If naneac rci~is required, 'it is minirnal and the spoil

would not ada substant5*.a2. anou-nts of nixtrients to the Lalzc if it v~as disposed

of in the nox-za)%. dwi:ý,jn, area.

These co=so!znt!.s apply only to seditnants in the area outlined on the

r,,-p on pa-e 4 . Sedizr.ents in the inner harbor were not sampled and may be

severelIy polluted.



Mic botLo:a sedi5.u.;t.s Ct each of1 the four poiuts consisted of a rIVy

clay which had a strorn fish odor and al ur-' poa ktaio of S].u• 'i1..ils (see

Table 1) All r the sa1•3).were ta .ken r-t a &cIepth of P7 feet or grcater

and no evld.c"mc of sho:Qlin3 sand vas fovud. A consiecrable .. ~o.nt o2 lih

brown sand"L was founld in the har:bor on Iay 3, 3.957 (see paor- 9 ) but none vas

found on April 2P, 1968. iafiiirLo•-ance d-red•ug .iay not be roqired during

1968.

The station selected for analysis of the botton L;Oim-int vas Station

lai 68-1 which is the most upstream station (see .ap, page k ) and, pres-Atbly,

the most seriously polluted station. The results (a-,.ble 2) indicate moderatz

pollution with considerable COD, oil and greasQ and iron concentrations. Con-

centrations of phosphoras, phenol, cyanide P-nd sulphide were moderate.

The laree population of sludgewor._s indicates the presence of considerable

amounts of organic r.:at-erial but little or no toxic rzterials. The concentration

of phosphorus ,zs .owe_-r than concentrations found in other harbors. This may

indicate that the clay is not the result of sedimentation but is a natural for-

mation exposed by currents or previous dredging.

Photosraphs of all of the riud samp22s are on file at the Chicago Provra.m

Office. I
The mater In the harbor n:t the criteria adopted by the Calumet Area I

Conferees for"Inner Harbor Basins." 7hese criteria are used for conparison pur-

poses only, they are not o!ficiaii1y applicable to YKnosha Harbor. The results I
of the aualysis of the water •a4a-le (see Table 3) show that the water entcrinC

( LaPe Michigan fron, Kenosha Harbor was not polluted on the day the saplc vas

collected.

3 T
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""A'r. fc*-'ýS OF C":', S3J2CCD '

Croy S5.3:,6 uc):.Y.- Oil. ;O~om~ i' dr

Grey silt v~ilth blicz ~ch r~ fJre ~ s boy ozaor.

st~a. mm;., 68-3 rI>-t-h 27 fooet

Grey clay, blacl;' m~ols, ±fizhy oclor.

sta. Kimi 68-4 ])epth 3o :root

Grcy clay) blach --pots, sludz-cworns, fisby oclor.



-ot.K3- Solids 59.5

'AVA~t)oSolids 11.9

Tot' al Sol. 1,h P.hOr._

To~a2 ?n~O~L ~66.5

111t 3 -U8.6

I~-'%. -15+

:Phen'l 2.. 215

Oil ana. GrcCase 3,550

CyraniiýC 0.0o.

Totz.l Iron o r,530

cetd-m..in 1.8

Plm ol h130

Zinc 0.

Lead 39

Chro-mwi (Toa l

VFNot detect---,. at sensitivity of test.

All. results rporte& )n a DRY basis.

Cop!•r I
6e•tmi 8-

l~ieke! I

Zinc 1I

__ea -
39 ~~



IT-SUTITjS 01'~JŽ~Y OF FLT.'i BR A S

Station

pa~ry r

~i1)sso v cK, clSolids

*Tu ". ~CL 1ty 4.o
W HAS 0.10

Chloride 6.0
8Sxlfatc 2
CODl 46
Total Sol. Phoý;phorv~s 0.0k
TLotal Phosphori~c 0 .06,

Ifl1~-N0.05

1~O3-11 016
0rj-I~1.0

Phenol 0.00).
Oil ana Grez~se Xo

Cyanide T
Total Iron 0.05

f~arbidity is exp~rcssedl in AP-ia vmnits, cg'tdvalcniv to Jack'son unitsi.
- S-x- boi-ttle brolken
IZ'- N~one Founcl

S A



St~a. ~ S~2 -)ha-,cŽJ. c'~cn TA.~ht &r Sowl.h Pier uih

Ynt. )!03 -3-9

Long. )12'-3'-l'C23



BrK scOA'cl, no7 22 ¼~

~Vr'4l C'y s : ýt r caX , fl O t r 23 t

noL~t -cd;s-.iit safttro &or1*L.,sV fiioto 22

5Liglhtl tro--.n ev~ n~ t 4
J4 no cC) .,r 21.

6WLight tr~o;:a, wiA th ron Yb !M sroc2;s, no Odo 25
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APPtýNIJX A I L

REPO1-l TCIT 5HE, D2GRM F0,, POLLUTTIONI OF BOPTOM01

April. 24, 19L)8

maby 1963

Fe rcr~ n ater Pollution Control A&Ucnistration
Great LacW's Rpcion

Chicaco Pmr~~rm Officc



In aecor(th-nec with an alz-mcmwnt betwoen the. Focce-al
Watcr Foll t~oio Co:itr-ol AI. iiistramt ion a~nd the United St-atco
ArmyV Corps of Er~ncstlhaL th2! rederal WtrPollution
Control Adiv rt on -oaDd ceteriric the do~rcc of pollul-
tion of bo~ttom scclim~nts in harbors to be dred,:e-d by the
Corps of pnnc~ ,=~ronr.cI of the Chica~o Pro~m.- rfu - ice
sc~.m)..ed Iih 'u:c arbor on April 24k, 19058. 7he Points Sam-
pled i'eprozsent arcas schcduIOLd for dmr_ ing on a nap provided
by the Corp2s of Ený.Jueex-ý.

Memnbers of~ the samplinrj crew were:

Robert J. B;dn-Sanitary Emn-ineer
Joseph V. Slovich - tyd-rattlic Technician
Daniel Chorovicki - Boat Operator-Sompler

Steven Pardiceck - Bn,7incer



1. ~Acuzedi.~e~sin the areas to be x•c J in theý Kinuickinnic

Rivc~r zu.rc sevocl.ey po.Uutokl~ by do:ývostic sewa-., .xn(, should not be disposed

of in I1.%:c lIi-chi-an.

2. Botto.z- sc'1iimnto in the arcas to ba drr'c&:ccl in the 1Rzinefiv'er

arc! severoly pollutcd by o.4l o;zt cl~~i cewvaze andQ shio--d riot be disporzd

of in r.Taclz ihia

FIJZAL COTi'CLUC3IO'TS

The final conclusions are iden~tical to the preliminary conclusions.

It is recor~'mndced that no d-reded nratcrial from I!4il-mzukee Harbor ~

disposed of in Lule 11,ichi~an.



X D.i.,uu•s.ou o: Field Observationr;

Bottom scdii:r's .n the aruas to bc droecigcd in the Kiunickin:nic River

consist of dular.: crey clay an(l silt an-) contain ]arge populations of sludge

vori-s and fingerna-iil cla.- both of which arc veriy pollution-tolerant organissis.

Their prorenc-e In iar~c n!,ers ,ndicate the priv, ence of a great deal of organ-

ic matter but a lack of toxic L-.mterials from indtrial, processes. This area

of the river is ,riousl,,y pliiOLluted by sewage probably from combined sewcr

overflow,,s (see Table 1 - Stations NI.Th 63-i, 68-2 ,and 68-3).
Bottom scC!!:ients in the I:no:.rncc River betw;een 19th Street and 22nd

Street consist of black silt with a strong petrolcv:i odor. They are vcry

heavily polluted by both indulstr*al wastes and do:u:stic sewage (sce Table 1

Stations 1-11M 63-4, 68-5, 68-6, 68-7 ana 68-8).

Station 1-•T 68-9 at 25th Street afpeared to be upstream of the oil

pollution but is heavily polluted by do::•stic Yewge. The nost probable

source is comfbined sewer overflows.

Discussion of Cheical_ 2sults

ale results of the chemical analysis con'irm the conclusions drawn from

field observations. The area at the mouth of the Kirnickinnic River is highly

polluted by dori-stic wastes or combined seowage overflows. Concentrations of

phosphorus and su.-fide at Station IVILW 68-1 (see Table 2) were high and con-

centrations of oil and grease, iron and COD were moderately high. High Y

concentrations of zinc and lead were also found.

3I
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All. of the sc.p~stal-en in thc! Vcnozi,ý.nco 1,ivcr -wore very huavi].y
poiluLtiJ by both L:stcand imu-icipojI v-astes. All. of the cherJdcal ra:'tr
rmeaISured indicate scvtrc pollution at stations M14TU6- and M4INW F j.3-8.Fld
observations (see Table 1) indicate thut thero is no substantial differonce

a~t the othecr statiUons ramnlcd.

Bott~omr~cc~iimen,-ts frori *lilwauL-ee Harbor are severcly polluted, and their

disposal in Lake Vi5c'hiL~an cons tituLes a serious so-arce of phosphorus a-nd other

pol-lutants to the lakc.
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LEGEND

E H7 Area to be dredged1
scstI op rtH

+OIO +68-2 Bottom Sample Observe.
J# (D68-l1 Bottom Sample Retainedlll
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-o i -055

It C 4VE

61
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April 24~, 1963

(9~r C-1 Dep-h25, Grey Oray; V`I1-y z.~jwr.z Jih 'Lo..

odo0r; san'Th retalineýd for tta~ysis.

Sta. Iii] A- 68-2 Depth~ 29' - P~ark Lgrcy silt; cl-ans cnd lwr~;Slight
5CW C dor.

sta. i-aLi 68..-3 Deptju-h 23' - Dar-% ~ErY silt; zl~ ;o~;littl- ', o10r; r~c!rý-
petrolCu:.3.

(I.:eno:,.Ance River)
April 24, 19068

sta. miu'! 68-4~ D_ p`h 21' - Black silt; grey strealms; strong p--troJ. odor;
few Lltid~eworurr.

sta,. 241tM 68-5 Depth 20' Black silt; petroleum odor; aludz-eworrts; san~ple
retained.

SWa. maui! 683-6 Depth 20' Bla-ck silt; stron- petroleum odor; eravel.

sta. mnTw 68-7 Depth 221- Black silt; brovrn strea)Ls; petroleum odor.

sta. liLWj 68-8 Depth 22' - BrowLI-black silt; pat-roJ..tt'n odor; samwple
retaixed.

sta. Ii-ilud 68-9 Dzrpth 20' - Grey-brown silt; stronG vsewage odor.

( 6



CO0U2ýIFJTIZD :.?IN ( lUCir iUKO0 Al~ril 2.4 lo'66

StwW~o~i1'ITM 6.7 IffEjfM 63.-5~ 632JC-8

% TiOACe.1 Solids. 56.5 118.0 1.
* lrVo'D.e.~ Solids 5.7 1.6.2P 19.3

COD 3.08 ' go0P 251, 500 223,703,
To ýal Sol, Pho-:ýphorius 50.01 3.1.20 24
Total Plio-&)Oruis 301 354i 1,121

MY383 281 582

"0O3-!' 30.6u 8.3 14
Or~-I i60y6,118 3,157

Phenol 5. 85 2.05 3.38
Oil and Grca±se 4,6960 20,850 26,x40

Cy~ick0.80 1.40
Bul-7idce 280 3-,180 4 66

Toa rn 28019,890 1-9,700

Co-~ I~ 22 2

0&'il. .69 6.5 10.3
Nic1-,el 41 56 12
Zinc 24-k Nh

1-65 363 360
Chro;-iiwa 1{F 18 4o

I-IF Not dotectc--. within sensitivity o'f test.
All. r'esutsU rpozted on a DDjY basis.

7I



Apr~il. 24f, 1963

Sita. 24:1Wlch 6g-. inic ivi~c 3.~Ž' 00 fccý-tV 0-f c1 bull~in Vm. t nortuh
Ond of A ý,:i-3Os * bllilrullv

L-abI. 430-01'-17"

Lor1L. . 43 0-01, -la0

sta. n.TuLW, 6S.-3 Knikr.c Lvr 150 Thct, o'Z wcbshoro2, 350 feet,,
0o'crnztrc'ai froai U.S3. Coasl. G-xard Duyi

bong. 870-51;: .1-2"

Stu. 1¶1f2. 68-4 4o~Ri_%i~'c~r -30 'Loot c)^-, nor'Uh1 bu.1kýhcacl at S. cvnt

l~at. 43 0 -01, 56"j

Lon.-. 870-~55 I-.2911

st~. l11A 685 lno:Jr~c Rver - 30 £cct oPCi southýI 600al Co Tct
w-.st of S. Elecvrt-h St..

Iat. 433~-o3L-561"
Lon--. 8'(0 -55'-37r'

Sta. 1, r 1. 60-6 1' enlnirýc River - 30 feet- off north buJ-Ih,:acl 550 as- o0
16t1h Strcet, brldgec

Lat. 43'-01'-59"
Longu. 870-55'-51"

sta. mavhW 61j-7 1,ýno.-Anee IL.ver - iz2idtxca~*a, 1350 feet west of 16t~h StlrEet

brid-3e
Lt-t 4130011'5911
LonZ. 870.56t..'17T'

sta. I41Tv1 65-43 1Yezio).inne River -midstreamn, 2350 feet west 02L 16th Street,
bridgeo

L'one. 870-5I6'.30"

Sta. 14J1U.1 63-9 Vor5neRiver i*nicI"Uream, 3150 feet -vestI of 16th Strect

bria 1"e

lat-~~ 430OV5-
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Yn accordance with an agrecirent between the cdcra).
Water Pollution Contro.L Achministration and the United States

Axiny Corps of Engineers that the Federal Water PolluLion
Control AdJministration- would. determine the degrec of poLl.u.-
tion of bottom sedimcnt's 5n harbors to be dredged by the
Corps of BnvdTceers, personnel of the Chicago Program Office
sampleI0. Port Washington Hfarbor on April 24j 1960. The points
sampled represent areas scheG.uo(cl for dredging on a iwip provided
by the Corps of Engineers.

Members of the sampling crew -ere:

Robert J. Bowden - Sanitary Engineer
Joseph V. Slovick - Hydraulic Technician
Daniel Chorowicki - Boat Operator-Sampnler
Steven Pardieck - Engineer

Best Available Copy



(

CONCLUS:C01'IS D ITD CO2',•:iTDA.IOt

1. .The bottom s.diments in Port Washington Harbor are not as severely I
pollutec as those found in other Lake Michigan harbors.

2. The disposal of' these scdiirnts in Lake Michigan would not add

subst'antial amounts of nutrients to the Lake.

3. The water quality at Port lfashington meets reasonable criteria

and does not constitute a serious source of pollution except that the amount

of phosphorus should be reduced.

I

"•- I
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]DISCUSSX0O1 OIT R-tSUIR,•S

The seclitm,,-ni[: in Po rt Wa:shin"Lon ]lbarbor were sampled in each of the

three arcas dcs:gnatcl for nineLnance cr.ing by the Corps of Engincers

(sec.- r.•mp pas,(- k ). Field Cobscrvat'ions (Trable 1) show greater amounts of

sand. an(d lcss grey silty mat.crial at stations PWASII 68-2 and PdwAS} 68-3. This,

indicat-:es that the-se points are less affected by pol]luir.on than Sta. PWASH 68-1

which is at the mouth of the inner harbor. All of the samples contained lparge

*PopuLations of shvlgeworms.

Sedlinent from station PWASH 68-j. vas selected. for chemical analysis

because it is presum8cl. to be the most polluted. A water sample was' also tahen

at station PWIASII 68-1 to indicate the quality of the imter being ,dischargecd to

Lake Michigan from Sauuk Creek and. Port Washington harbor.

.The sediment at Sta. PWASH 68-1 was not severely polluted. It contzinecl.

moderate concentrations of COD and SuJ.phidc and relatively low concentrations

of phosphorus, nitrogen, phenol, cyanide and total iron. The term "relatively

low concentrations" as used herein means that these concentrations are lower

than concentrations foeund in sediments in other harbors on Lake Michigan. It

does not mean that these concentrations are low when conpared to natural con-

ditions or that the harbor sediments are completely free. of pollution.

The water quality at Sta. PWASH 68-1 met the criteria for inner harbor

basins established by the Calumet Area Enforcement Conference except for the

criterion on tot-al phosphorus. These criteria are used for comie.rizonpurposes

only. They cannot be officially applied to the -aters of Port Washington

harbor. On April 24I, 1968 the water being discharged to lake Michigan from

Port Washington harbor did not constitute a serious source of pollution but

action is required to reduce the amount of phosphorus discharged to Sau: Creck

ELnd the harbor.

3
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APril 24, 19c,3

st~ Pv U::63-i DW-thi 22.5 ft.
Grey-broviir ~ sil:', slh wc ~Lr

sta. 1TAs 6-2 Ixth 22.f L.
Grcv -brov-n sar.--y silt, s.htz;;co-lor,
6 1iý!c ;.o,ý

Gre~y-hrou'n sanJ, no o~lor, sslucl,;eworrns.



TA33L'3 2

RESULTS 02 "c'L-YISS OF BXUS'- D SA.t'ILS
COLIXCTEJ) 21 POF7T IVS6H1BI0GiON HARBOR April 24j 3.968

Station PwASH 68-1
Jma/kc

ParaSeter

% Volatile Solids .32.0
COD 66,9oo
Total Sol. Phosphorus 3.00
Total Phosphorus 8.45
NTI3 -11 347
N03 -11 4.,(
Org-N 761

Phenol .132
Oil and. Grease 1745
Cyanide 0.04
Bulfide 52
Total Iron 7,532

Copper

Cadmium 1.5
Nickel 52
Zinc 31
lead 41
Chromium (Total)

NF Not detected at sensitivity of test.

All results are reported on a DRY basis.

S.(



TABLE 3

RESUTQS OF A-,MAJYSIS OF TRj SAMPI"S

COLC1TID ,7i POVRT \ 2S5liC;o') HAT•O 3 Apri.l 24, 1968

Station PmASi 68-3

Pavimter

Swcpcnaea Solids 94
Dissolved Solids 188

WAS 0.12

Chloride 10

Sulfate 34

COD 53
Total Sol. Phosphorus 0.05
Total Phosphorus 0.13

0 f-11 0. 13
3*

Org. -N 1.3

Phenol 0.003
Oil and Grease 1.0

Cyanide X

Total Iron 2.6
p• 8.4

Temp. .0c 9

*Ty•,bidity is expressed. in APM units, equivalcnt to Jackson units.

NP--None Found Ii

- "~- . - . . . .... . ..... . . . ... I i..... . . . . . -_ _ _ _ _ _._ 1 . -



LOCATION01-OF SA.PTLCUTG P0II,.QS

POWT VAS1LU',GTVI IMIU10R

.April P-4: -968

pva. uAS 68-1). Midchannc)- betWVefl coal docR eCna inner light
Lit. 430-20`-2,"
Long .870-.52`0.3t

Ste,. ?WASII 68-2 250' froni cc-,! dclck 5501 f~rom in-nor 1ight
L-At. lf30 -201 -11"
Lonz. 8To.53tf-55u

Sta PA$ 68-3 4oo' frora south pier light) 95O rnbeawtrl tA

Lat. 30--2'-10

Lona.870-5'-47
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REPORT 01 T1M] EGREE OF POL.L•IN1011 O.L. BOTT0.I1SEDRIERI£S M1' ./I-1ITO.'OC }DIA•WR

April 23, 1968

May 1968

Federal Water Pollution Control Administration
Great Laes Region

Chicag,,o Program Off ice



((

In accordance with an a'rcemcnt betveen the Federal
Water Pollution Control Ac&itinistration and the Unitpd St-ates
Anir Corps of Engineers that the Federal Water Pollution
Control Administration would deteraine the degree of pol.lu-
tion of bottom sediments in harbors to be dredged by the
Corps of Engineers, personnel oi the Chicago ProzrawL Office
sampl.cd Manitowoc Harbor on April 23, 1968. The points sam-
pled represent areas scheduled for dredging on a map provided
by the Corps of Engineers.

Members of the sampling crew were: I
Robert J. Bowden - Sanitary Engineer
Joseph V. Slovick - Hydraulic Technician I
Daniel Choro,,icki - Boat Operator-Sampler
Steven Pardieck - Engineer I

(
1.



1

CONCTUMIOThS AIID RE'CCM!.2.•!ATIOr-S

1. Bottom sediments in the Manitowoc River upstream of the Eighth

Strect bridge are po:Lluued and their disposal in Lake Michigan would constitute

a significant sooixce of nutrients and other pollktants to the Lake.

2. Bottom sediments in Manitowoc Harbor downstream of the mouth of the

river consist priri.'.ly of sand. Disposal of this sand in the lakP& would not

constitute a significant source of nutrients.

3. The water being discharged to Lal. Ilichigan from the Manito:roc

River did not meet several criteria developed for similar waters. Efforts

should be made to reduce the amount of phosphor-is discharged to the river.

2I

I
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LEGEND j ~ 7
AREA TO BE DREDGED-

T. 2>-E'ý( ~X 68-2 BOTTOM SAMPLE OBSERVED ,..

68-1 BOTT014 SAMPLE RETAINlED ....

p V~IcINITY MAPI

ISCALC Of UWLES

jDL LAKE

'of

C GA

soo,

ýorojj PRjc 25pr 21 /r

-~ A 0i

DREDGEDPROJECT DEPTHS AND SOUNDINGS ARE REFERRED
TO 2 F TTO LOW WATER DATUM 576.8 FEET AROVE MEAN

S ' WATER LEVEL AT FATHER POINT, QUEBEC. I.G.L.D.
(19 55) (INTERNATIONAL GREAT LAK~ES DATUM)

CHICAGO PROGRAM4 OFFICE
* ~CALU14ET AREA SURVEILLANICE UNIT

M A tII TO1,-l0C HA P-, OR
,wI SCON'S I N

SAMPLING STATIONIS ___

*U.S. DEPARTHENT OF THE 14T E RI1OR
X_ FEDERAL WATER POLLUTION CONTROL A.D;MN.

I000GREAT LAKES REGION CHICAGO, ILLIN!OIS



DISCUSSIOi• OFFkSui-.•S

The bottom sediment at Station 14A\11 68-1 is ziozerately polluted by

both industrial and e-.iestic wastcs. The concentrations of cyanide and oil

-nd grease verc low but concentrations of iron, phcnol., COD, zinc and lead

reror odexately high and the concentration or sulphite was high when compared

with other Wisconsin harbors on I.%ke Michigan. Phosphorkus and nitrogen con-

centrations warc moderately high as w.as the percentare of volatile solids.

This indicates the proscnc: of organic materials from do:mestic sources. (see

Table 2). The field obscrvations (Table 1) do not mention the presence of

sludeoworms or other benthic organisnis. The org;anic contamination is not bad

enouZ.h to catise a total destruction of benthic life so that the area is probably

subject to high concentrations of toxic metals fr-m ints-trial sources. The

high zinc and lead concentrations confirm this. The field notes indicate that

the naterials at Stations tlAII 68-2 and .I01 68-3 have the sar 6encral

characteristics (see iap, paGe 3).

The sedimcnts at Station M.ATNI 68-5 are more severely polluted by both

industrial end domestic ,rwstes. Concentrations of industrial pollutants

(phenol, cyanide, iron and the toxic metals) were only slightly higher but the

concentrations of phosphorus, nitrogen and COD vere considerably higher at

MAUI 68-5, indicating considerable domestic pollution. The most probable

source of this pollution is coubined sever overflows or direct discharEes to

the river. The lack cf benthic life and the ery-bro,,n color found at stations

"MA1i 68-9 and MA.NI 68-10 indicate that severely polluted conditions extend at

least to the Ei~hth Street bridge and probably to the mouth.

4



The UedWmts ab Station I.VdII 68-12 consisted prizar.ly of bro',n sand

that is preTv!-cnt in Lake l.cIizan on the western shore. The chca;caU. analysis

shovs that the pollution -s ruch lI:3 sovexe than in the river. Concentrations

of phoznhorus, oil and ryea:e:> cyc.nide, su].phide, iron and lead are all co-1-

pastiv'e¥j lo-. Tac prc!ei!. -, scud.c',tor,•. at Station ,PII 68-11 indicahes

that benthic life can surv' . in the area.

It was originally inccnCecd to collect more -%,rples near Station IWIIX

68-13 but roiGh •ater prevented this. Station I.V01I 68-13 v..s clean san4. and

it is likely that the entire area to be drcdced around the outer harbor nLuth

consists of •_leacn sand.

A water sample vas collected at Station 11III 63-11 to indicate the

quality of water bcing discharged. fro:n the V'anitowoc River to Ike Michigan.

The results vcre compareid to the criteria adopted for inner harbor basins

by the Calwmunt Area Enforcement Conference. These criteria a.re used for com-

parison purposes onlý.they are not officially applicable to I&anito'voc Harbor.

The maximum cr.iteria for dissolved solids,sulphates and phosphorus were not

met. Average criteria for 1.•AS, ammonia and phenols were not mat. This indi-

cates that the lanitowoc River constitutes a moderate1V severe source of

pollution to Lake lt¶hicimn. Particularly sericus is the concentration of tot,"l

phosphorms. Efforts should be made to reduce the amount of phosphorus dis-

cbar~ed to the stream.

5
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V2ABLE I

WJFdU.Ai\Y2CC HARUOR

April 23, 396)8

Station MIANI 68-1 Depth 17'
SandY silt, grcy-broim, so=e leaves and twigs,
•.C odor.

Station I.auI 68-2 Depth 20'
Grey-bro.rn sand, some black spocks, leaves and
twigs, no oaor.

Station .AhIii 68-3 Depth 18.5'
Grey-bro;n silt, cinders, no odor.

Station Z1.,1I 68-4 Depth 24'
Grey-brown sandy silt, gravel, slight fish odor.

Station I 68-5 Depth 20'
Grey-brown silt, tw-igs, no odor.

Station .afI 68-6 Depth 19.5'
Grey-browm silt, no odor

Station -L.!II 68-7 Depth 20.5'
Brown silt, somme oil, ao odor.

Station m4aN1 68-8 Depth 21'
Grey silt, gravel, no odor.

Station nAflI 68-9 Depth 16'
Grey-bro-wn sand, some twigs, no odor.

Station A.mNI 68-i0 Depth 15'
Grey-browm sand, no odor.

ti

Station 1,VdII 68-U Depth 20'
Browm sand, silty black spots, sludzeworms, no odor.

Station M.AII 68-12 Depth 21'
Brown sand, no odor.

Station M4ANI 68-13 Depth 24'
Sand, no odor.



TABUL 2

MESUtMIZS OF AiRALYSIS 07 TOM S}.*.ZiT SAMLLS
COLLECTEjD r3i 1CIZMl,10OOC 1I4hrOI April 23; 1968

Station MAI-68-1 ].X-68-2

T £2otal Solids 52.3 47.6 48.7
% Volatile Solids 14.6 16.1 11.3

COiD 81,8oo 112,200 105,000

Total Sol. Phospboris 7.50 30.44 20.73

Total Phosphorus 147 672 54.o

"1H3-11 295 67.6 390
N03-1 9.2 9.2 11
Org-II 2,088 2,859 2,690
Phenol 2.84 2.17 2.57

Oil and Grease 1,243 2,897 I,447
Cyanide 0.03 0.08 0.05
Sulfide 80 53 WF.
Total Iron 10.,720 12,91,0 6,324

Copper F5.3 V~F

Cadmium 1. 4 1.5 2.1
Nickel 29 17 a
Zinc 195 320 90
Lead 53 97 4f7

Chromium I.?F BF

XF Bot detected at sensitivity of test.
All results reporbed on a DW basis.

7



TAa3T"i' 3

USUMPTS O& AIIAYST.S O-Y WATER~ SfQ-21UESS

COLCyDJ 1.1pT YCOO }k.~ ~i1 23, 19E~

Station- 
]

5,jFntLCjjjd SOIJAS 63-

DiSsolved Solids32
28

YBAS 
o2

Chloride15

Su-Li-Late 87

COD 275

Total SO3-. Phosjihor'.s 0.13

Total- Phosphorus 0-37
0.10

~O3-~ 1.41

Phenol. 
0.005

oil arna Grease 3.1

Cyanide 
14F

Total Iron 3.8
8.2

p t.

Temp , 'C 10

-Kt~rbLd-ity is expressed in APHiA unitsi eqiv-alent, to Jacl,4on units.

yonefon
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LOcATIO, i OiF S!c.aLii;'G PO:fiTS

MANEO-10,:Cc }A P,.DOR
April 23,1968

Sta. !r421I 66-1I anito','oo River - 30 feet from south bank, 300 feet east

of Manitowos En_. Co. dry dock
Lat. 44o-o6'-01"

Long. 87o-39'-53"

Sta. MaahE 68-2 Vanito'C,:oc River-leO feet from north bank opposite cast end of
M'anitowoc Eng. Co. building

Lat. 440-0o6'-..O1"
Long. 870-39'-48"

Sta. minI 68-3 Munito-woc River - 75 feet from south bank, 300 feet upstream
from 1,ýanitowoc Ship buildinTs boat hoist

Let. 440-05'-58"
Long. 87 0-39'-45"

Sta. ,ruI 68-4 lManitowoc River - 50 feet from south bank, 250 feet upstrea-m
from Soo Line R-qilroad. lift bridgeLat. 440-o5,-4-8'1

Long. 870-39'-51"

Sta. MAIII 68-5 Manitowoc River - 100 feet from east bulkhead, 250 feet
south of Soo Line Railroad lift bridgeLat. 4)4o-05'-45"'

Long. 87o-39'-57"

Sta. nuafI 68-6 Manitowoc River - 100 feet from vest bulkhead 150 feet from
south bulkhead in corner of turning basin downstream of
Soo Line Railroad lift bridge.

lat. 440-05 -45"
Long. 870-40'-02"

Sta. MANI 68-7 Ma•nitowoc River - 75 feet from northeast bulkhead at foot
of S. Fourteenth StreetLat. 44o-ow -1;1"

Long. 870-39'-53"

Sta. mA1mI 68-8 Manitowoc River - 50 feet from southwest bulkhead at footof South Thirteent1-h Street

Long. 87o-39, -50,

Sta. !4•!iI 68-9 v-nr-itow,.oo River - 50 feet froa norLh bullkhead at Ninth
Streetlat. h4°-05'-33"

Lon. 70 . .39'-2"

9 ~



Location or Sminlping Points
(lianitow;oc la&rbor (Cont 'i.)

Sta. i.xw-II 68-10 1Kani5tovoc River - 50 feet from south bulkhead a-t Ninth Strect
Lat. 03 "
Lon. 8670-39'-32"

sta. maTI 68-11 Matilto;woc Harbor - 200 feet east of Pierhcad Light
wc-. 440-o5'-33"Lonz. 67o-39' -03"

Sta. 19flI 68-12 Manitowoc Harbor - 40D feet northeast of Pierhead Light
Lat. 114`.-05'-35"
Long. 87o-39'-00"

Sta. ,vmI 68-13 lManitowoc Harbor - 100 feet south of North Break~water LiGht
Lat. 41o-05'-33"
Long. 8(°-3b' -37"

(.

ii

(
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APPENDIX A 19

REPOIU Oi,' THFi D!IGiTJE OF POLLiIOMI OF BO .I -CM

April 22, ..968

April 1968

a

i

I

Federal Water Pollution Control Administration I
Great Lakes Rezion

Chicac~o Program Office

SoI
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In accordco.nec Nwith Etn c<arccw-ýntl betweeon the Pcede,'al
Water Pollution Control Administration a-a L the United States
Army, Corps of' Yn.incers that t.he Pcdclcral Water ?ol).Wu-tin
Control Aditnistr-ation imulcl deter--nine the deci. or pollu-
tion of botton zedir.,nts in harb^Lors to be Lrejýe6. by the -

Corps of n~re~s pcrsoruic or t-he ChicEao Pro--rc-,a Off~ice
6&2fpled Two IPivcrs liar~bor on April 22, 1968. 7he points sam-
plec, represent areas scheduled. for deligon a rLapI provid~ed.
by the Coips of En~incers.

%q6

M~embers of' the samplinG crew vere:

Robert J. Boýzýen -Sanitary Engireer
%Toseph V. Slovick - ydraulic Technician
Daniel Choro-,-cki Boat Operat-or-Sazip7'er

Steven Pardlieck -Enrgincer

i Lý m



•k CONCLUSION],S YlASED Oi1 FIEU2D 0) OS•VATIOi3

1. The bottom scd:i,, nt in the area near the Qnd of the brenkniaters

is cleall sand.

2. Bottom sc(in.cnts in the area at the nouth of the East vlin River

are not seriously polluted.

F33IL CONCLUSIOiIS

1. Tie bottom sedirmnt in the area near the outer end of the break-

water is clean sand.

2. Bottom sedirnents in the area at the mouth of the East Tsin River

are seriously polluted and should not be disposed of in Lake ,•ichign.

3. The a-.ter at the mouth of the East Twin River contained signifi-

cant amo'unts of pollution, especially nitrogen and phosphorus. Action should

be taken to reduce the amount of nutrients discharged to the stream.

IjI
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"Discuvssion of Field Observa.tionz (See Table 1)

The Corps of Engenccrs dcl" 'eK'AUjFEL" was in the area

outside of the bi•ncakwter lights on April. 22, 19o8, tihe day of the bottorm

sampling,. Mr. Wesley aIl'Cvcr, zstcr of the darcdgec indicatcd that they had

been operating since April 6,) 1968 as scheduled.-

A barge ias partially filled with drezded raterial. All of the material

appeared to be clean sand. This agrecd with the samples collected at stations

TRIV 68-i, TRIV 63-2 and TP2CV 63-3 (see table I).

The smnple collected at Sta. TRIV 68-4 N was rade up of sand Vith so.--

silt. It did niot appear to be severely polluted. (See Page 5)

Mr. Le-Fever reported that the dredging was about 80 co:polete and that

all of the spoil was se.nd except for so:,e silt fron the inner harbor area. The

spoil ias disposed of in the disposal area in Lahe lMichiEan.

A water sar..le was collected at Sta. TRu.V 68-4 to indicate the water

quality in the harbor. This sample may have been contaminated by red lead

paint Vnich was floatin" on the water. It came from painting on the 16th Street,

bridge over the East Twin River.

Color photographs of the bottom sediments found at TRiV 68-3 and 68-4

and of the sand in the barges are on file at the Chicago Program Office.
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1)3ZSCUi'3Y(ON QI 0iJ L:iOi•\.O}M }"I:hSUfJ'.'J3,

The )lbor'atory" 7(-'c1.ts' do no's corfirzii. thc, conlusi.on t" :"n from field

oboervcations "hat the bottomn scci;:cmi~ at S-ca. TRIV 63-I are not serious.ly

po1.utod. 711C results (Tablc_ 2) show high concentrations of COD,, phosphoIuLIs,

nitro-ein, phcnol and sui•phidc antd r:oderate.y high concentrations of cyanidej

iron and oil and grease. This indicates serious pollution from both domestic

and iThdustrialo sourwces.

Analysis of' the nater swirkole collected at this point Palso indicates

considerable pollu-tion (see Table_ 3). l.aximvni inner harbor basin criteria for

dissolved solids, total phoslohorus and ean::ionia nitrogen were not rnt. Sulphate,

plhenol and I,[MAS concentrations were daniserously close to the rs.2ximurn allowable

under the critcria and hiM-her than the allo,,-able avera-es. The criteria are

those adopted for inner harbor basins by the Calu::et Area Enforeer-nt Conferees

and are used for co-4parison purposes only. They are not officially applicable

to T-,o Rivers Narbor. The COD mas also very high although no reasonably

applicable criterion has been published for this paramneter.

The matcrial in the inner harbor should not be disposed of in Lake Michi-.

ca~n. There is no evidence to indicete that a significant anount of this Material

reached the drd.ing area around the pierhead lights. All of the field obser-

vations indicated that spoil from that area consisted of sand that drifted into

the channel fro-m other parts of Lake Mýichigan.
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Aprilt 22, 196318

sta.~ir 68-3. Mic1.-charnne2. bticton Iiorth Picrbeacl Litht Euid South

Picerhead. Lir-ht

LonZ,. 870--33'-39:'

sta. TIl2AT 68-2 hIO feet soutlhý,astl Of Tort-h Piclrhead. Ligh~rt

lon~3. 870-33'-3V'

Sta. TRXV 6S-3 350 Lootu southcast of' South Piei'hcaO Light
Lat. 101o-o3'-30"l

St~a. Ti'xIv 68-4h Mouth of Fast, Twin River 1.50 feet off E. River Street,
bu3Jlhc ad

Bo'~ 70-33t -52"

6I



TA

TWO PCCvj$IiM;-
April n~, 01968

'I' TR 8-. Xtlh 1.81 - no a:npte crte 3 (ULPs.-

sta. Tpi.:cv 68-.2 Dapth 1.9' - clecan sEndm so:.Ae %,:h-*te stones 3.rcla

S..TRIV 68-3 Datli 3:('g - cl.ean Land; no oexor.

sta. Tili (& 1 a].pth 3.9' - bro*,.n san~y slit; sfinple retained.



C01, S~iL' M I or AA Ly ;iV Jr Y1' 11: :~Q 1 ""0''l.

In~l)7v 68.-11

5 ,

%Totj-t sLid 40.3

. Volatile S3 Vt. 6
COD .15 5, 11Dr)
Tott) zA So. Irbosphori.z

Total Phosn orw 4 6,

36c,

OODN 15560

Phcnol .Ll.

Oil and Grcf.9-

Cyanide 0.15
Sulfide 250

Tota. Iron 9)935

Copper IL"

Cadmium 1.6
IBick:e1 21

Zinc 238
Lead .62

Chromium U1

7I1F Not detected Nithin sensitivity of test.t

AlU results reporlcd on a DIR basis.
i
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CO AUp- 3j J" ZV-0 1.ý101A ýA 2 .ý

Inneor Fahrbor )2:csin

Farai c ýc, r

Dj.ss.;l)xd Sc)A.idS 293 max 230
*T~urbicdity 4

?'iMSo.26 "0.30

Chl.oride 1-0 " 30
Su].'Cat'- 69 75
COD 265
Total 2 -. I Pho-,Thorus 0.03

T!ot.12. PhoL;horus 0.1'[ 0.03

I3-10.1.5 "0.12

3.4

Phcn4 .0.005 0.005

Oil. and. Groase 3A4
Cyanidle ~E'0.03.
Total. Iroo 3.6

7.9 (.5-9.0
Temporature 003. 2-9.4

t2vxzbiaity is exprcs~cO in API{A uaitc;, equivalent to Jackson units.

-F Vone found.


